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(57) A lithium battery comprises a pouch (4) and a 
lithium battery module (2) packaged in the pouch (4). 
The pouch (4) is formed from a battery packaging lami- 
nated structure (10). The laminated structure (10) has 
an outermost layer (11), a barrier layer (12) and an 
innermost layer (14), or an outermost layer (1 1), a bar- 
rier layer (12), an intermediate layer (13) and an inner- 
most layer (1 4) superposed in that order. The outermost 



layer (1 1 ) is formed of a formable base material, the bar- 
rier layer (12) is formed of a impermeable base material 
having a barrier properly, the intermediate iayer (13) is 
formed of a formable base material and th innermost 
layer (14) is formed of a heat-adhesive base material. 
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TECHNICAL FIELD 

5 [0001] The present invention relates to a battery packaging laminated structure resistant to acids and organic sol- 
vents, a battery pouch and a battery pouch manufacturing method. Generally, batteries, such as lithium batteries, 
include those using a liquid electrolyte, those using a gelled electrolyte and those using a solid electrolyte. Lithium bat- 
teries include lithium ion batteries and polymer batteries. 

10 PACK G R OU N D A RT 

[0002] Various pouches formed by working various laminated structures each formed by laminating various kinds 
of sheets are used principally as packaging articles; Recently, lithium batteries each formed by packaging a lithium bat- 
tery module in a pouch formed from a laminated structure have been developed. 
is [0003] A lithium battery module, which is also called a lithium secondary battery module, employs a polyelectrolyte, 
generates current by the agency of the migration of lithium ions and have positive and negative electrodes containing 
polymers as active substances. 

[0004] The lithium battery comprises a lithium battery module having a positive electrode collector (aluminum or 
nickel), a positive electrode active substance layer (metal oxide, carbon black, a metal sulfide, an electrolytic solution or 
20 a polymer, such as polyacrylonitrile), an electrolytic layer (a carbonate electrolytic solution of propylene carbonate, eth- 
ylene carbonate, dimethyl carbonate or ethylene methyl carbonate, an inorganic solid electrolyte of a lithium salt or a 
gelled electrolyte), a negative electrode active layer (lithium, an alloy, carbon, a liquid electrolyte or a polymer, such as 
polyacrylonitrile) and a negative collector (copper, nickel or a stainless steel), and a package containing the lithium bat- 
tery module therein. 

25 [0005] The lithium battery is used as a power supply for personal computers, portable terminal devices, such as 
portable telephones and PDAs, video cameras, electric vehicles, robots, artificial satellites and the like and as an 
energy storage battery. 

[0006] The lithium battery comprises a lithium battery module having a positive collector of aluminum or nickel, a 
positive electrode active substance layer of a metal oxide, carbon black, a metal sulfide, an electrolytic solution or a pol- 

30 ymer, such as polyacrylonitrile, an electrolytic layer of a carbonate electrolytic solution of propylene carbonate, ethylene 
carbonate, dimethyl carbonate, ethyl carbonate or ethylene methyl carbonate, an inorganic solid electrolyte containing 
a lithium salt or a gelled electrolyte, a negative electrode active layer of lithium, an alloy, carbon, a liquid electrolyte or 
a polymer, such as polyacrylonitrile, and a negative collector of copper, nickel or a stainless steel, and a package con- 
taining the lithium battery module therein. 

35 [0007] The package of the lithium battery is a cylindrical or paralielepipedic metal can formed by pressing a metal 
sheet or a pouch formed by working a multilayer film consisting of an outer layer, an aluminum layer and a sealant layer. 
[0008] These packages for the lithium batteries have the following problems. The metal can has rigid walls and 
hence the shape of the lithium battery module is dependent on that of the metal can. Since the hardware is designed 
so as to conform to the shape of the battery pack, the dimensions of the hardware are dependent on the shape of the 

40 battery pack, which reduces the degree of freedom of designing the shape of the hardware. 

[0009] The pouch made from a multilayer film does not place any restrictions on the shape of the hardware using 
the battery pack like the metal can does. However, there have not yet been developed any packaging laminated struc- 
tures satisfactorily meeting physical properties and functions required of materials of packages for the lithium battery. 
The required physical properties and functions include the followings. 

45 [0010] For example, the package for the lithium battery must be capable of hermetically sealing portions of elec- 
trodes connecting a principal part of the lithium battery module to hardware to insulate the same from the atmosphere. 
Therefore, the innermost layer of the multilayer film must be capable of adhering to the electrodes, particularly, must be 
capable of adhering to the electrodes when heat and pressure are applied thereto. 

[0011] The lithium battery must be capable of maintain the sealing effect even if the temperature of the lithium bat- 
50 tery module rises during charging and discharging, and must be, as well as hardware that withstands high tempera- 
tures, such as high temperatures on the instrument panel of a vehicle in summer, and low temperatures in a cold 
district, must be heat-resistant and cold-resistant. The lithium battery must be capable of maintaining satisfactory seal- 
ing effect in a severe environment. 

[0012] Sometimes, it occurred that the electrolyte of the lithium battery module consisting of a carbonate solvent 
55 and a lithium salt affects adversely to the package and reduces bond strength between the layers of the multilayer film. 
The solvent (carbonate solvent) contained in the lithium battery module swells adhesive layers bonding together the 
component layers of the multilayer film to reduce bond strength between the layers. 

[0013] It is possible that an acid is produced and heat is generated by the hydrolysis of the electrolyte, a metal bar- 
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rier layer is corroded by the agency of the acid and heat to reduce bond strength between the layers, and that the bat- 
tery is ignited by the heat. If the temperature of the battery rises, the electromotive force of the battery decreases and 
it is possible that the device connected to the battery stops or malfunctions. 

[001 4] The electrolysis of the electrolyte that causes those problems is caused by the penetration of external mois- 
5 ture into the sealed syst m of the battery. Therefore, the package must have a barrier property capable of inhibiting the 
- penetration of external moisture into the package. 

[001 5] Packages containing batteries including lithium batteries must not be conductive and must not transmit elec- 
tricity to devices (hardware) surrounding the packages and must be capable of electrically isolating the electrodes from 
each other so that the electrodes are not short-circuited. 
10 [001 6] The package of the lithium battery may be a metal can, a pouch or a formed package having a container and 
a cover. When the formed package having the containing part and the cover is employed, a resin forming the innermost 
layer of the laminated structure must be heat-adhesive and the laminated structure for forming the formed package 
must have a high formability. 

15 DISCLOSURE OF THE INVENTION 

[0017] The present invention has been made in view of those problems and it is therefore an object of the present 
invention to provide a battery packaging laminated structure excellent in gas-barrier property, having high mechanical 
strengths including piercing strength and capable being used in a hot environment and stable under the influence of an 
20 electrolyte, a battery pouch fabricated by working the battery packaging laminated structure, and a method of manufac- 
turing the battery pouch. 

[0018] According a first aspect of the present invention, a battery packaging laminated structure comprises an out- 
ermost layer, a barrier layer and an innermost layer laminated in that order or an outermost layer, a barrier layer, an 
intermediate layer and an innermost layer laminated in that order; wherein the outermost layer is formed of a formable 
25 base material, the barrier layer is formed of a impermeable base material having a barrier property, the intermediate 
layer is formed of a formable intermediate base material and the innermost layer is formed of a heat-adhesive base 
material. 

[0019] Preferably, the barrier layer is a soft aluminum foil having an iron content in the range of 0.3 to 9.0%. 
[0020] Preferably, the barrier layer is a metal foil having a surface on the side of the innermost layer; finished by 
30 degreasing or pickling. 

Preferably, the barrier layer is a metal foil having a surface on the side of the innermost layer, coated with an acid-resist- 
ant film including at least a phosphate film, a chromate film, a fluoride film or a triazine thiol compound film. 
[0021] Preferably, the barrier layer is a metal foil having a surface on the side of the innermost layer, finished by 
decreasing or pickling, and coated with an acid-resistant film including at least a phosphate film, a chromate film, a flu- 

35 oride film and a triazinethiol compound film. 

[0022] Preferably, the barrier layer has a surface on the side of the innermost layer, coated with a 0.5 to 30 urn thick 
protective layer of a resin containing 30% or above of at least one of epoxy resins, phenol resins, melamine resins, poly- 
imide resins, unsaturated polyester resins, polyurethane resins, alkyd resins, unsaturated graft polyolefin resins, poly- 
ester copolymers, such as polyethylene terephthalate resins or polybutylene terephthalate resins, ionomers, ethylene- 

40 vinyl acetate copolymers, copolymers of ethylene and an acrylic acid derivative, copolymers of ethylene and a meth- 
acrylic acid derivative, polyether resins and derivatives of those resins. 

[0023] Preferably, the innermost layer has a thickness of 10 urn or above and is formed of one of unsaturated graft 
polyolefin resins including unsaturated graft polyethylene resins, unsaturated graft polypropylene resins, unsaturated 
graft poly(methyl pentene) resins and mixtures of some of those resins, and having a melting point of 80 °C or above 

45 and a Vicat softening point of 70 °C or above. 

[0024] Preferably, at least one dry lamination adhesive layer of a dry lamination adhesive is formed between the lay- 
ers on the side of the innermost layer with respect to the barrier layer, the dry lamination adhesive includes a resin and 
an accelerator, the resin is a blended resin of a polyester resin consisting of an acid component containing at least two 
of sebacic acid, isophthalic acid, terephthalic acid, octanedioic acid, nonanedioic acid, undecanedioic acid and palmitic 

so acid, and an alcohol component containing at least one of ethylene glycol, hexanediol and glycol, and a bisphenol A- 
type epoxy resin, and the accelerator contains a pofyisocyanate component. 

[0025] Preferably, the innermost layer is a multilayer film consisting of at least two resin films formed by coextrusion, 
and one of the resin films cannot be welded to metal members but the same resin film is heat-adhesive. 
[0026] According to a second aspect of the present invention, a battery pouch is formed from a laminated structure 
55 having at least a base layer, a barrier layer and a heat-adhesive resin layer, wherein the laminated structure is folded in 
a pair of leaves with the heat-adhesive resin layers of the pair of leaves facing each other, peripheral portions of the pair 
of leaves are joined together by heat-sealing to form heat-sealed [arts, and D 0 < (D 1 + D 2 )/2 , where D 1 and D 2 are 
the respective thicknesses of the heat-adhesive resin layers of the pair of leaves, and D 0 is the thickness of the heat- 



4 



EP1 102 336 A1 



sealed parts. 

[00271 According to a third aspect of the present invention, a battery pouch is formed from a laminated structure 
having at least a base layer, a barrier layer and a heat-adhesive resin layer, wherein the laminated structure is folded In 
a pair of leaves with the heat-adhesive resin layers of the pair of leaves facing each other, peripheral portions of the pair 
of leaves are joined together by heat-sealing to form heat-sealed parts, the pair of leaves have unsealed portions con- 
tinuous with the heat-sealed part, and the unsealed portions are folded back and are bonded to corresponding portions 
of the laminated structure. 

[0028] According to a fourth aspect of the present invention, a battery pouch manufacturing method comprises the 
steps of forming a laminated structure having a base layer, a barrier layer and a heat-adhesive resin layer in a tubular 
structure, putting a fiat lithium battery module provided with terminals In the tubular structure, bonding together over- 
lapped side portions of the laminated structure by heat-sealing to form a sealed back seam, heat-sealing a first end por- 
tion of the tubular structure corresponding to the terminals to form a first sealed part, heat-sealing a second end portion 
of the tubular structure opposite the first end portion of the same to form a second sealed part, and cutting the first and 
the second end portion of the tubular structure. 

[0029] According to a fifth aspect of the present invention, a battery packaging laminated structure is formed by 
laminating an aluminum foil and an inner layer, wherein at least one surface of the aluminum foil on the side of the inner 
layer is an easy-to-bond surface finished by surface treatment, and the inner layer is bonded to the easy-to-bond sur- 
face of the aluminum foil with an adhesive layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0030] 



Fig 1 is a view of a battery packaging laminated structure embodying the present invention; 

Fig. 2 is a view of a battery packaging structure in a modification of the battery packaging laminated structure 

embodying the present invention; 

Fig. 3 is a sectional view of a battery packaging laminated structure; 

Fig. 4 is a view showing a battery pouch according to the present invention and tabs bonded to the battery pouch; 
Fig. 5 is a view showing battery pouches according to the present invention; 

Fig 6 is a view of a battery pouch in a modification of the battery pouch according to the present invention; 

Fig. 7 is a view of a battery packaging laminated structure and a battery pouch in embodiments according to the 

present invention; - *' 

Fig. 8 is a view of a battery packaging laminated structure and a battery pouch in modifications of the battery pacK- 
, aging laminated structure and the battery pouch according to the present invention; 
Fig. 9 is a view of battery pouches according to the present invention; 

Fig. 1 0 is a view of a battery packaging laminated structure and a battery pouch in preferred embodiment according 

to the present invention; , 

Fig. 1 1 is a view of a battery packaging laminated structure and a battery pouch in a modifications of the battery 

packaging laminated structure and the battery pouch according to the present invention; 

Fig. 1 2 is a view of battery packaging laminated structure; 

Fig. 13 is a perspective view of lithium batteries employing battery pouches according to the present invention; 
Fig. 14 is a typical view of assistance in explaining the penetration of moisture or the like into a battery pouch; 
Fig. 15 is a view of a battery pouch according to the present invention subjected to a moisture-proof performance 
test; 

Fig. 1 6 is a view of battery pouches according to the present invention; 
Fig. 1 7 is a view of embossed battery packages according to the present invention; 
Fig 1 8 is a view of a battery pouch according to the present invention and a lithium battery; 
Fig. 1 9 is a view of assistance in explaining a lithium battery manufacturing method according to the present inven- 
tion; 

Fig. 20 is a sectional view of a battery pouch shown in Fig. 19; 

Fig. 21 is a view of assistance in explaining a battery pouch manufacturing method in a modification of the battery 
pouch manufacturing method according to the present invention; 

Fig. 22 is a view of battery pouches in modifications of the battery pouches according to the present invention; 

Fig! 23 is a typical sectional view of battery packaging laminated structures according to the present invention; 

Fig. 24 is a typical sectional view of a battery packaging laminated structure according to the present invention; 

Fig. 25 is a perspective view of a lithium battery; 

Fig. 26 is a typical sectional view taken on line X-X in Fig. 25; and 

Fig. 27 is a typical sectional view taken on line Y-Y in Fig. 25. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

First Embodiment 

5 [0031 ] A lithium battery packaging laminated structure in a first embodiment according to the present invention will 
be described with reference to the accompanying drawings. 

[0032] Figs. 1 (a) to 1(d) show a lithium battery packaging laminated structure in a first example, in which Fig. 1{a) 
is a typical sectional view of a basic laminated structure, Fig. 1(b) is a perspective view of assistance in explaining a 
lithium battery, Fig. 1(c) is a sectional view taken on line X 1 -X 1 in Fig. 1(b), and Fig. 1(d) is a sectional view taken on 

w line X 2 -X 2 in Fig. 1 (b). Figs. 2(a) to 2(d) show a lithium battery packaging laminated structure in a second example, in 
which Fig. 2(a) is a typical sectional view of a basic laminated structure, Fig. 2(b) is a perspective view of assistance in 
explaining a lithium battery, Fig. 2(c) is a perspective view of a lithium battery provided with an embossed battery pack- 
age and Fig. 2(d) is a sectional view taken on line X 3 -X 3 in Fig. 2(c). Fig. 3 is a sectional view of a battery packaging 
laminated structure in a third example according to the present invention for packaging a lithium battery module. Figs. 

15 4(a) to 4(e) show another package according to the present invention and tabs, in which Fig. 4(a) is a perspective view 
of a lithium battery, Fig. 4(b) is a perspective view of a lithium battery module with tabs bonded thereto, Fig. 4(c) is a 
perspective view of another lithium battery module provided with heat-adhesive tabs bonded thereto, and Figs. 4(d) and 
4(e) are sectional views taken on line X 4 -X 4 in Fig. 4(a). Figs. 5(a) to 5(e') are plan views and sectional views of battery 
pouches formed from a lithium battery packaging laminated structure according to the present invention. Figs. 6(a) to 

20 6(d) are views of an embossed lithium battery package formed from a lithium battery packaging laminated structure 
according to the present invention, in which Fig. 6(a) is a perspective view of a container of a single-part embossed bat- 
tery package, Fig. 6(a') is a sectional view taken on line X 9 -X 9 in Fig. 6(a), Fig. 6(b) is a perspective view of a double- 
part embossed battery package, Fig. 6(b') is a sectional view taken on line X 10 -X 10 in Fig. 6(b), Fig. 6(c) is a perspective 
view showing tabs of an embossed battery package and Fig. 6(d) is a conceptional perspective view showing tabs of 

25 another embossed battery package. 

[0033] The inventors of the present invention found through the earnest study of problems to be solved by the 
present invention that the problems can be solved by a laminated structure 10 shown in Fig. 1(a) and have made the 
present invention. As shown in Figs. 1(b) and 1(c), a lithium battery 1 related with the present invention is formed by 
sealing a lithium battery module 2 having terminals 3 in a pillow type battery package (battery pouch)4 having a back 

30 sealed part 5f with the terminals 3 partly extending outside the battery package 4. 

[0034] As shown in Figs. 2(b) and 2(d), an embossed battery package (sometimes, referred to as "cup-type battery 
package") has a container 6 having an embossed part 8 and a flange 9, and a cover 7 formed by cutting the laminated 
structure 10. The container 6 is formed by press forming (embossing) the laminated structure 10, a lithium battery mod- 
ule 2 is put in the embossed part 8 of the container 6, and the cover 7 is put on the flange 9 of the container 6 so as to 

35 cover the lithium battery module 2, and a peripheral part of the cover 7 is bonded to the flange 9 of the container 6 by 
heat-sealing to seal the lithium battery in the embossed battery package. 
[0035] The battery pouch and the embossed battery package will be described in detail later. 
[0036] Basically, the laminated structure 1 0 has an outermost layer 1 1 , a barrier layer 1 2 and an innermost layer 1 4 
laminated in that order. An intermediate layer may be sandwiched between the barrier layer 12 and the innermost layer 

40 14. Fig. 1 (a) shows a laminated structure 10 having an outermost layer 1 1 , a barrier layer 12 an intermediate layer 13 
and an innermost layer 14 laminated in that order. Those component layers of the laminated structures 10 are formed 
of the following materials. As shown in Fig. 1 (d), a lithium battery relating with the present invention has a heat-sealed 
part 5 including portions of the terminals 3. 

[0037] The outermost layer 1 1 of the laminated structure according to the present invention is formed of an oriented 
45 polyester resin or an oriented nylon resin. Possible polyester resins are polyethylene terephthalate resins, polyethylene 
naphthalate resins, polyethylene naphthalate resins, polyester copolymers, polycarbonate resins and the like. Possible 
nylons are crystalline or noncrystalline nylons including nylon 6, nylon 66, copolymers of nylon 6 and nylon 66, nylon 
610, polymethaxylilene adipamide (MXD6). 

[0038] When the lithium battery is used on a device (hardware), the outermost layer 1 1 touches the device. There- 
so fore, it is desirable to form the outermost layer 1 1 of an insulating resin. Since a film forming the outermost layer 1 1 has 

pinholes and pinholes will be formed in the film during processing, the thickness of the outermost layer 1 1 must be 6 

^m or above, preferably, the thickness of the outermost layer 1 1 is in the range of 1 2 to 25 urn. 

[0039] The outermost layer 1 1 may be formed from a laminated film in view of providing the outermost layer 1 1 with 

a high pinhole-resistant property and an improved insulating ability. 
55 [0040] Preferably, the outermost layer 1 1 includes at least one resin layer consisting of two or more layers each h av- 

ing a thickness of 6 urn or above, preferably, in the range of 1 2 to 25 jim. The following laminated structures 1 ) to 3) are 

examples of the outermost layer 1 1 of laminated construction. 
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1) Oriented polyethylene terephthalate film/ON 

2) Oriented polyethylene terephthalate film/Polyethylene film 

3) ON/Polyethylenefilm 

5 [0041] The outermost layer 1 1 is bonded to the barrier layer 12 by dry lamination using a bonding film or by extru- 
sion coating. 

[0042] The barrier layer 12 prevents the penetration of moisture into the lithium battery 1 . To avoid the adverse 
effect of pinholes that may be formed in the barrier layer 12, to stabilize the workability (ease of fabricating pouches or 
forming) and to provide the barrier layer 1 2 with pinhole resistance, the barrier layer 1 2 is formed from a foil of a metal, 
10 such as aluminum or nickel, or a film of an inorganic compound, such as silicon dioxide or alumina. Preferably, the thick- 
ness of the barrier layer 1 2 is in the range of 20 to 80 urn 

[0043] The inventors of the present invention made earnest studies to reduce pinholes and to prevent the formation 
of cracks in an embossed battery package and found that aluminum having an iron content in the range of 0.3 to 9.0%, 
preferably, in the range of 0.7 to 2.0% is superior in ductility to aluminum not containing any iron, pinholes are less liable 
is to be formed in a film of such aluminum when a laminated structure including the film of such aluminum is folded and 
walls of an embossed battery package can be easily formed. Aluminum having an iron content less than 0.3% is unable 
to form a satisfactorily pinhole-resistant film and does not have improved formability. Aluminum having an iron content 
exceeding 9,0% is unsatisfactory in flexibility and affects adversely to the workability of the laminated structure in form- 
ing a pouch. 

20 [0044] The inventors of the present invention found that coating a surface of an aluminum film with an acid-resistant 
film TR and a protective layer 15 and employment of the foregoing techniques have remarkable effect on preventing the 
dissolution and corrosion of the surface of the aluminum foil by hydrofluoric acid (HF) produced by the interaction of the 
electrolyte of the lithium battery module 2 and moisture, improving the adhesive property (wettabiity) of the surface of 
the aluminum foil and stabilizing the adhesive strength between the aluminum foil and the innermost layer. 

25 [0045] The acid-resistant film TR formed on the aluminum foil is a film of a phosphate or a chromate. The phos- 
phate is zinc phosphate, iron phosphate, manganese phosphate, calcium phosphate or chromium phosphate. The 
chromate is chromium chromate. 

[0046] iThe adhesive property of the surface of the aluminum foil can be improved by finishing the surface by a cou- 
pling property improving process and/or surface roughening. The coupling property improving process may use a silane 

30 coupling agent, an organic titanium coupling agent or an organic aluminum coupling agent 

[0047] /An organic titanium coupling agent may be tetraalkoxy titanium, titanium acylate, titanium chelate or the like. 
The organic aluminum coupling agent may be trialkoxy aluminum, aluminum chelate, aluminum acylate or the like.-, 
[0048] ^Surface roughening of the aluminum foil is effective in improving the adhesive property of the surface of the 
aluminurrvfoil. The surface of the aluminum foil may be etched and cleaned with an acid or alkali solution to remove alu- 

35 minum oxide (Al 2 0 3 ) formed on the surface of the aluminum foil, to increase surface area by enhancing the surface 
roughness and to provide the surface with an anchoring property for the improvement of adhesive property. 
[0049] The protective layer 15 formed on the surface of the aluminum foil is a layer of a resin, such as an epoxy 
resin, a phenolic resin, a melamine resin, a polyester resin, an unsaturated graft polyolefin resin or a derivative of one 
of those resins, containing a modifier for acid resistance improvement. 

40 [0050] The foregoing surface treatment processes may be used in combination. 

(1 ) Aluminum barrier layer 1 2/Formation of acid-resistant film TR 

(2) Aluminum barrier layer 1 2/Formation of acid-resistant film TR/Formation of protective layer 15 

45 [0051] According to the present invention, a second protective layer 15a of a resin not containing any modifierfor 
acid resistance improvement may be formed in addition to the protective layer 15 containing a modifierfor acid resist- 
ance improvement. The second protective layer 15a may be formed of an epoxy resin, a phenolic resin, a melamine 
resin, an olefin resin, an unsaturated graft polyolefin resin, an acrylic resin or a derivative of one of those resins. 
[0052] The second protective layer 1 5a is formed, for example, by either of the following methods. 

50 

(1) Aluminum barrier layer 1 2/Formation of acid-resistant film TR/Formation of second protective layer 15a 

(2) Aluminum barrier layer 1 2/Formation of acid-resistant film TR/Formation of protective layer 1 5/Formation of sec- 
ond protective layer 15a 

55 [0053] According to the present invention, an intermediate layer 13 may be sandwiched between the barrier layer 
1 2 or the protective layer 15, and the innermost layer 14 by using films for dry lamination DL or thermal lamination TL 
The intermediate layer 13 protects the barrier layer 12 and prevents contact (short circuit) between the terminals 3 and 
the aluminum barrier layer 12 due to the thinning of the innermost layer 14, i.e., a heat-adhesive layer, by heat and pres- 
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sure applied thereto in a heat-sealing process forforming a pouch. The intermediate layer 1 3 may be formed by bonding 
together a first intermediate layer 13a and a second intermediate layer 13b by a film for dry lamination DL 
[0054] The intermediate layer 13 is added to stabilize the environmental suitability (heat resistance and cold resist- 
ance) of the lithium battery. The intermediate layer 13 has a thickness of 10 urn or above and a melting point of 80 °C 
5 or above. Preferably, the intermediate layer 13 includes at least one layer of a thickness in the range of 12 to 25 \im 
formed of a polyester resin, a polyolefin resin, a derivative of one of those resins or a resin produced by mixing some 
of those resins. 

[0055] Suitable polyester resins for forming the intermediate layer 13 are polyethylene terephthalate resins, poly- 
butylene terephthalate resins, polyethylene naphthalate resins, polybutylene naphthalate resins, polycarbonate resins, 

10 copolymers of some of those polymers and derivatives of those polymers. The polyolefin resins are polypropylene res- 
ins, ethylene-propylene copolymers, low-density polyethylene resins, medium-density polyethylene resins, high-density 
polyethylene resins, linear low-density polyethylene resins, ethylene-cc- olefin copolymers produced through polymeriza- 
tion using a single-site catalyst, polyethylene resins containing metal ions, copolymers of ethylene and acrylic acid 
derivatives, copolymers of ethylene and methacrylic acid derivatives, polybutene resins, unsaturated graft poly (methyl 

15 pentene) resins and derivatives of those polymers. 

[0056] Rims of these resins may be either oriented or unoriented. 

[0057] The innermost layer 14 of the lithium battery packaging laminated structure according to the present inven- 
tion is bonded to the intermediate layer 13 by a film for dry lamination DL. The innermost layer 14 is formed of an 
unsaturated graft polyolefin resin, a copolymer of ethylene and an acrylic acid derivative or a copolymer of ethylene and 

20 a methacrylic acid derivative, a metal ion crosslinked polyethylene resin, a derivative of some of those polymers or a 
mixture of some of those polymers. Preferably, the innermost layer 14 has a thickness of 20 above and is formed of a 
resin having a melting point of 70 °C or above and a Vicat softening point of 60 °C or above. 
[0058] An innermost layer 14' of a polyolefin resin not adhesive to metals may be used. When the innermost layer 
14' is used, the terminals 3 are covered with heat-adhesive tabs 16 of 15 jum or above in thickness formed of unsatu- 

25 rated graft polyolefin, metal ion crosslinked polyethylene, a copolymer of ethylene or propylene and acrylic acid, or a 
copolymer of propylene and acrylic acid, methacrylic acid or a methacrylic acid derivative. The tabs 16 can be perfectly 
hermetically bonded to the innermost layer 14' as shown in Fig. 4. More concretely, portions of the terminals 3 of a lith- 
ium battery module 2 to be packaged in a battery package are sandwiched between heat-adhesive tabs 16 of a width 
greater than that of the terminals 3 as shown in Fig. 4(b), the lithium battery module 2 is put in the battery package, and 

30 the battery package is sealed. Fig, 4(d) is a typical sectional view taken on line X4-X4 in Fig. 4(a). In Fig. 4(d), the out- 
ermost layer 1 1 , the barrier layer 12, and the intermediate layer 13 are represented by a single layer. Fig. 4(c) shows a 
lithium battery module 2 provided with terminals 3 having portions wrapped in heat-adhesive tabs 16 to be covered with 
the battery package. Fig. 4(e) is a typical sectional view taken on line X 4 -X 4 in Fig. 4(a) when the lithium battery module 
2 shown in Fig. 4(c) is sealed in the battery package. 

35 [0059] In the lithium battery 1 using a pouch or an embossed battery package, the terminals of a lithium battery 
module are sandwiched between the Innermost layers 14 and the innermost layers 14 are welded together to form a 
sealed system. However, welded portions of the olefin resin forming the innermost layers becomes brittle and cracks 
and pinholes are liable to be formed therein. The thickness of the innermost layer is reduced by a value corresponding 
to the thickness of the tabs 16 when the innermost layers are welded to the tabs 1 6 to prevent forming pinholes. If the 

40 innermost layer is formed of a single layer of an olefin resin having a high melting point to enhance the heat resistance 
of the innermost layer, a high pressure and heat of a high temperature must be applied for a long time to the innermost 
layers to weld the innermost layers together by heat-sealing. Such a welding process deteriorates the characteristic of 
the lithium battery module 2 and deteriorates the function of the battery package by causing the shrinkage of the other 
component layer, such as the outermost layer of a polyester resin or a nylon resin, by heat 

45 [0060] The inventors of the present invention made studies to solve such a problem and found that it is effective in 
solving such a problem to form the innermost layer 1 4 in a multilayer structure consisting of a first layer 1 4a on the side 
of the inner surface of the laminated structure 1 0 and a second layer 1 4b on the side of the outer surface of the lami- 
nated structure 1 0. More concretely, the following multilayer structures can be used as the innermost layer. 

so (1) Film of an olefin resin or a derivative of olefin resin/Unsaturated graft polyolefin film 

(2) Film of an olefin resin or a derivative of an olefin resin/Film of a copolymer of ethylene and an acrylic acid deriv- 
ative or a copolymer of ethylene and a methacrylic acid derivative 

(3) Rim of an olefin resin or a derivative of olefin resin/Metal ion crosslinked polyethylene or metal ion crosslinked 
polypropylene film 

55 

[0061] The following are representative olefin resins, 
a) Polypropylene resins 
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1) Homopolypropylene (melting point: 150 P C or above, Vicat softening point: 140 °C or above) 

2) Ethylene-propylene copolymer (terpolymer of random propylene, block propylene or butene-random propyl- 
ene copolymer having a melting point of 1 10 °C or above and a Vicat softening point of 100 °C or above) 

b) polyethylene resins 

1) Low-density polyethylene, medium-density polyethylene, high-density polyethylene, linear low-density poly- 
ethylene, ethylene-propylene-diene copolymer ethylene-propylene-butene copolymer and ethylene-a-oiefin 
copolymer produced through polymerization using a single-site catalyst (melting point 90 °C or above, Vicat 
softening point: 80 °C) 

[0062] Acid-denatured polyoiefin resins (melting point: 90 °C or above, Vicat softening point: 80 °C) 

a) Ethylene-vinyl acetate copolymers . 

b) Metal ion crosslinked polyethylene, metal ion crosslinked polypropylene 

c) Unsaturated graft polyolefins including unsaturated graft polyethylene, unsaturated graft polypropylene and 
unsaturated graft poly(methyl pentene), and derivatives of those polymers 

d) Copolymers of ethylene or propylene, and methacrylic acid derivatives or acrylic acid derivatives, including eth- 
ylene-methyl methacrylate copolymers (EMMA), ethyl ene-ethyl methacrylate copolymers (EMA), ethylene-methyl 
acrylate copolymers (EMAA), ethylene-ethyl acrylate copolymers (EEA), ethylene-acrylate copolymers (EAA), pro- 
pylene-ethyl methacrylate (PMA) and propylene-ethyl acrylate (PAA) 

[0063] The following multilayer structures may be used as the multilayer innermost layer 14. 

(1) Low-density polyethylene or linear low-density polyethylene/Copolymer of ethylene and a methacrylic acid 
derivative or an acrylic acid derivative 

(2) Ethylene-propylene copolymer/Copolymer of propylene and a methacrylic acid derivative or an acrylic acid 
derivative 

(3) Low-density polyethylene or linear low-density polyethylene/Metal crosslinked polyethylene - 

(4) Ethylene-propylene copolymer/Metal crosslinked propylene 

(5) Random propylene/Unsaturated graft homopropylene 

(6) Block propylene/Unsaturated graft homopropylene 

(7) Homopropylene/Unsaturated graft random or graft propylene 

(8) Random or block propylene/Homopropylene 

(9) Ethylene-propylene copolymer/Polyethyiene/ethylene-propylene copolymer 

(10) Ethylene-propylene copolymer/Polyethylene/Unsaturated graft polyethylene 

(1 1 ) Homopropylene/Random propylene 

(12) Random polypropylene/Homopropylene/random propylene 

(13) Random propylene/Block propyl ene/Random propylene 

(14) Random propylene/Butene-random propylene copolymer 

(15) Homopropylene/Butene-random propylene copolymer 

[0064] it is desirable that the innermost layer 1 4 has a coefficient of static friction and a coefficient of kinetic friction 
of 0.5 or below, preferably, 2.0 or below to stabilize embossing formability. To form the innermost layer 14 having such 
a coefficient of friction, it is preferable that the material forming the innermost layer 14 contains 500 ppm or above of a 
fatty acid amide lubricant, such as erucic acid amide, stearic acid amide or oleic acid amide, or 1 000 ppm or above of 
silicone lubricant having a molecular weigh of 100,000 or above, such as dimethyl silicone or methyl phenyl silicone, or 
3% or above of silicone resin powder. 

[0065] The component layers of the laminated structure 10, i.e., the lithium battery packaging laminated structure 
according to the present invention, may be processed by a surface activating process, such as a corona discharge proc- 
ess, a blasting process, an oxidizing process or an ozonation process, to stabilize properties needed for film formation, 
lamination and final product forming (embossing or pouch fabrication). 

[0066] The outermost layer 1 1 and the barrier layer 1 2 of the laminated structure or the outermost layer 1 1 , the bar- 
rier layer 12, the intermediate layer 13 and the innermost layer 14 may be formed and laminated by aT-die extrusion 
coating process, a tubular film extrusion process or a coextrusion process. When necessary, a secondary film may be 
formed by a coating process, an evaporation process, an ultraviolet curing process or an electron beam curing process. 
The adjacent layers may be bonded together by a dry lamination process, an extrusion coating process, a coextrusion 
lamination process or a thermal lamination process. The layers on the outer side of the barrier layer 12 may be lami- 
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nated by a dry lamination process using an ordinary adhesive for dry lamination. Preferably, adhesives of compositions, 
which will be described below, are used for laminating th layers on the inner side of the barrier layer 12. 
[0067] When the laminated structure for forming a lithium battery package is formed by a dry lamination process, it 
is possible that the layers are separated by the agency of a polycarbonate solvent contained in the electrolyte of the 

5 lithium battery module and the layer bonded to the inner surface of the barrier layer 12 is separated by the agency of 
hydrofluoric acid produced by the interaction of the lithium salt and water. The inventors of the present invention found 
through earnest studies that the separation of the layers and the separation of the layer from the surface of the barrier 
layer can be prevented and a laminated structure having excellent heat resistance can.be formed by laminating the lay- 
ers on the inner side of the barrier layer 1 2 of the laminated structure 1 0 by dry lamination using an adhesive of the fol- 

w lowing composition. 

[0068] The adhesive is a two-part adhesive supplied in a resin and an accelerator. The resin is a blended resin of 
a polyester resin consisting of an acid component containing at least two of sebacic acid, isophthaiic acid, terephthalic 
acid, octanedioic acid, nonanedioic acid, undecanedioic acid and palmitic acid, and an alcohol component containing 
at least one of ethylene glycol, hexanediol and diethylene glycol, and a bisphenol A-type epoxy resin. The accelerator 

15 contains a polyisocyanate component (TDI, MDI, IPDI, FDl or ADI). 

[0069] When unsaturated graft polyoiefin is used as a resin for extrusion coating or thermal lamination, adhesive 
strength and chemicals unsusceptibility, i.e., resistance to the adverse effect of chemicals, are improved. 
[0070] When layers are laminated by extrusion coating, the adhesive strength between the layers can be stabilized 
by an adhesive strength enhancing process that coats the bonding surface of the layer to be bonded to another with an 

20 about 1 u.m thick film of any one of polyester resins, polyether resins, urethane resins, polyether-urethane resins, poly- 
ester-urethane resins, isocyanate resins, polyoiefin resins, polyethylene-imine resins, cyanoacrylate resins, organotita- 
nium compounds, epoxy resins, imide resins, silicone resins, derivatives of those resins and mixtures of some of those 
resins or by a surface activation process, such as an ozonation process. 

[0071] The following are three representative methods of forming the laminated structure 10 of the present inven- 
ts tion consisting of the three layers. 

1) A method that forms a laminated structure of the outermost layer 1 1 and the barrier layer 12 as a first substruc- 
ture, and the innermost layer 14 as a second substructure separately, and laminates the first and the second sub- 
structures by thermal lamination. 

30 2) A method that forms a laminated structure of the outermost layer 1 1 and the barrier layer 12 as a first substruc- 
ture, and the innermost layer 14 as a second substructure separately, and laminates the first and the second sub- 
structures by extrusion coating (or coextrusion lamination). When necessary, the laminated structure is subjected 
to a thermal lamination process. 

3) A method that laminates the outermost layer 11, the barrier layer 12 and the innermost layer 14 by dry lamina- 
35 tion. 

[0072] The following are three representative methods of forming the laminated structure 10 of the present inven- 
tion consisting of the four layers. 

40 1) A method that forms a laminated structure of the outermost layer 1 1 and the barrier layer 12 as a first substruc- 
ture, and a laminated structure of the intermediate layer 13 and the innermost layer 14 as a second substructure 
separately, and laminates the first and the second substructures by thermal lamination. 

2) A method that forms a laminated structure of the outermost layer 1 1 and the barrier layer 12 as a first substruc- 
ture, and a laminated structure of part of the intermediate layer 13 and the innermost layer 14 or only the innermost 

45 layer 14 as a second substructure separately, and laminates the first and the second substructures by extruding the 
intermediate layer 13 for extrusion coating (or coextrusion lamination). When necessary, the laminated structure is 
subjected to a thermal lamination process. 

3) A method that laminates the outermost layer 1 1 , the barrier layer 12, the intermediate layer 13 and the innermost 
layer 14 by dry lamination. 

50 

[0073] The intermediate layer 1 3 may be coated with a thin film impermeable to gases, liquids and ions to prevent 
the permeation of the components of the electrolyte through the barrier layer 1 2 and to secure stable adhesive strength. 
The thin film may be a metal thin film, such as an aluminum film, or a metal oxide film, such as an aluminum oxide or a 
tin oxide film, formed by a sputtering process, a chemical vapor deposition process or a physical vapor deposition proc- 
55 ess or a resin film, such as a vinylidene chloride film, formed by a coating process. 
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Examples 

[0074] Laminated structures in examples of the laminated structure 10 according to the present invention as the 
lithium battery packaging laminated structure were fabricated and pouches and embossed battery packages for pack- 
5 aging a lithium battery module were formed from the laminated structures. The quality and performance of the lami- 
nated structures, the pouches and the embossed battery packages were evaluated. 

[0075] In the following description, materials of films and processes will be represented by the following symbols 
(acronyms, initial words and abbreviations). 

10 Symbols 

[0076] PET: Polyester film, CPET: Copolyesterfilm, OPET: Oriented polyester film, ON: Oriented poiyamide (nylon) 
film, NY: Poiyamide (nylon) film, P-EP: Epoxy protective layer, AL: Aluminum foil, COPET: Oriented copolyester film, 
PC: Chromium phosphate film, 3C: Tervalent chromium film, PZ: Zinc phosphate film, PCa: Calcium phosphate film, 

15 PUD: Polyester-urethane adhesive film, PED: Polyether-urethane adhesive film, PAD: Unsaturated graft random poly- 
propylene adhesive film, PEAD: Unsaturated graft polyethylene adhesive film, TL: Thermal lamination, DL: Dry lamina- 
tion, EC: Extrusion lamination, ANC: Anchor coat, EP: Epoxy resin film, FN: Phenolic resin film, MR: Melamine resin 
film, AC: Acrylic resin film, PPA: Unsaturated graft random polypropylene film (unsaturated graft polypropylene film), 
PEA: Unsaturated graft polyethylene film, EAM: Ethylen e-m ethyl meth aery late copolymer film, PH: Homopolypropylene 

20 film, PR: Random polypropylene film, PP: Polypropylene film, BR: Butene-random propylene copolymer film, PE: Poly- 
ethylene film, HD: High-density polyethylene film, LD: Low-density polyethylene film, MD: Medium-density polyethylene 
film, AD: Acid-modified unsaturated polyolefin film, PMa: Unsaturated graft poly(methyl pentene) film, TPX: Poly(methyl 
pentene) film. 

[0077] Unless otherwise specified, the dry lamination process used a polyester-urethane adhesive for lamination. 

25 

Evaluation 

[0078] Pouches and embossed battery packages were fabricated and abilities of the pouches and embossed batr 
tery packages were evaluated for the following properties. 
30 -w 

1 . Electrolyte Resistance 

[0079] An imitation electrolyte was poured into a test sample, the test sample was sealed. The condition of adhe- 
sion between the barrier layer 12 and the innermost layer 1 4 or between the barrier layer 12 and the intermediate layer 
35 1 3 was examined after storing the test sample at 60 °C for thirty days. 

2. Moisture Impermeability 

[0080] Moisture content of a test sample was measured after storing the test sample in an environment of 40 °C 
40 and 90% BH for thirty days. The moisture content must be 300 ppm or below. 

3. Change in Peel Strength of the Innermost Layer 

[0081 ] Peel strength of the innermost layer was measured after storing the test sample in an environment of -40 °C 
45 for thirty days and leaving the same at a room temperature (23 °C) for one hour. The peel strength must be 9.8 N/1 5mm 
(1 kgf/15 mm) or above. 

4. Short Circuit Preventing Ability 

so [0082] The terminals 3 covered with the tabs 1 6 were sandwiched between the innermost layers 1 4 and portions of 
the innermost layers 14 holding the portions of the terminals covered with the tabs 16 were heat-sealed by applying 
heat of 1 90 °C and a pressure of 0.3 MPa for 3.5 s. 

(1) Any pinholes must not be formed in the outermost layer 1 1 and the outermost layer 1 1 must not be separated 
55 from the barrier layer 1 2. 

(2) The barrier layer 12 must not be in contact with the terminals 3 and the tabs 1 6. 
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5. Embossed Package Formability 

[0083] Containers of 1 mm in depth were formed by cold pressing using a male die and a female die. Clearance 
between the male and the female die was 1 mm. One hundred sample containers were examined for pinholes, 
s [0084] The imitated electrolyte was prepared by adding 1 M lithium phosphate hexafluoride (LiPFe) to a mixture of 
1% by weight ethylene carbonate, 1% by weight diethyl carbonate and 1% by weight dimethyl carbonate. 

Heat-sealing conditions: 190 °C, 0.3 MPa, 3.5 s 

w Pouches 

[0085] 

Type: Four-side sealed type 
15 Size: 40 mm x 60 mm (Width of sealed part: 5 mm) 
Order of lamination: Not limited to that of examples 

Representation of Laminated Structure 

20 [0086] In the following representation of laminated structures, outer layers are nearer to the left end and inner layers 
are nearer to the right end (the end on the side of the lithium battery module). 

Sample Battery Packaging Materials for Pouches 

25 Example 1 

[0087] A 1 2 urn thick oriented polyester film (outermost layer 1 1 ) and a 20 thick aluminum foil (barrier layer 1 2) 
coated with a tervalent chromium film (acid-resistant film) were laminated by dry lamination. A 6 jim thick oriented pol- 
yester film (intermediate layer 13) was laminated by dry lamination to the aluminum foil coated with the tervalent chro- 
30 mium film. A 50 pro thick unsaturated graft random propylene film (innermost layer 1 4) was laminated by dry lamination 
to the oriented polyester film to complete a packaging laminated structure in Example 1. The packaging laminated 
structure in Example 1 is expressed by: 

O P ET1 2/PU D/AL20/3C/P U D/O P ET6/P U D/P PASO 

35 

[0088] Numeral appended to a symbol standing for a layer of the laminated structure indicates the thickness (jxm) 
of the layer, a symbol / / stands for coextrusion and a symbol + stands for blending. 

Example 2 

40 

[0089] A battery packaging laminated structure was formed by laminating the component layers by a method simi- 
lar to that by which the component layers of the battery packaging laminated structure in Example 1 was formed. The 
battery packaging laminated structure in Example 2 is similar in construction to that in Example 1 , except that a 15 jam 
thick oriented polyamide film, a 15 jxm thick aluminum foil and a 10 jim thick homopropylene film were used as the out- 
45 ermost layer 11 , the barrier layer 1 2 and the intermediate layer 1 3, respectively. 

ON1 5/PUD/AL1 5/3C/PH1 0/PUD/PPA70 

Example 3 

50 

[0090] A battery packaging laminated structure in Example 3 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 1 was formed, except that a 25 urn thick aluminum foil was used as 
the barrier layer 12, an acrylic resin film as a protective layer 15 was laminated to a surface of the aluminum foil on the 
side of the innermost layer 14 by dry lamination, and a coextruded film of random propylene, homopropylene and ran- 
55 dom propylene was used as the innermost layer 14. 

OPET1 2/PUD/AL25/3C/AC5/PUD/OPET6/PUD/PR5//PH30//PR1 0 
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Example 4 

[0091] A 12 jim thick oriented polyesterfilm and a 15 jim thick oriented polyamide film was bonded together by dry 
lamination to form an outermost layer 11, a 20 urn thick aluminum foil coated with a tervalent chromium film, i.e., an 
acid-resistant film, to the oriented polyamide film with a polyester-polyurethane adhesive by dry lamination, a 6 urn thick 
oriented polyesterfilm as an intermediate layer 13 was bonded to the aluminum foil coated with the acid-resistant film 
by dry lamination, and a 60 \um thick unsaturated graft random propylene film as an innermost layer 14 was bonded to 
the intermediate layer. 

OPET1 2/PUD/ON1 5/PUD/AL20/3C/PUD/OPET6/PUD/PPA60 
Example 5 

[0092] A battery packaging laminated structure in Example 5 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 4 was formed, except that 25 jim thick aluminum foil was used as a 
barrier layer 1 2, a chromium phosphate film was used as an acid-resistant film and an innermost layer 14 was formed 
in a thickness of 40n.m. 

OPET12 /PUD/ON15 /PUD/AL25 /PC/PUD/OPET6 /PUD/PPA40 
Example 6 

[0093] A battery packaging laminated structure in Example 6 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 5 was formed, except that a zinc phosphate film was used as an acid- 
resistant film and a 50 urn thick PPA film was used as an innermost layer 14. 

OPET1 2/PUD/ON1 5/PU D/AL25/PZ/PUD/OP ET6/PU D/P PA50 

Example 7 

[0094] A battery packaging laminated structure in Example 7 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 6 was formed, except that a calcium phosphate film was used as an 
acid-resistant film 

OPET12/PUD/ON15/PUD/AL25/PCa/PUD/OPET6/PUD/PPA50 
Example 8 

[0095] A 12 jLim thick oriented polyester film and a 15 pin thick oriented polyamide film were laminated by dry lam- 
ination to form an outermost layer 1 1, a 20 |nm thick aluminum foil coated with a tervalent chromium film as an acid- 
resistant film was laminated to the oriented polyamide film by dry lamination, a 5 jim thick epoxy resin film as a protec- 
tive layer 15 was formed on a surface of the aluminum foil on the side of an innermost layer 14, a 6 \im thick oriented 
polyesterfilm as an intermediate layer 13 was laminated to the protective layer 15 by dry lamination, and a 50 \im thick 
unsaturated graft random propylene was laminated to the intermediate layer 13 by dry lamination. 

OEPT12 /PUD/ON15 /PUD/AL25 /3C/E P5/PU D/O P ET6 /PL) D/P PASO 

Example 9 

[0096] A battery packaging laminated structure in Example 9 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 8 was formed, except that a 3 urn thick phenolic resin film was used 
as a protective layer 15. 

OPET12 /PUD/ON15/PUD/AL25/3C/FN3 /PUD/OPET6 /PUD/PPA50 
Example 10 

[0097] A battery packaging laminated structure in Example 1 0 was formed by a method similar to that by which the 
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battery packaging laminated structure in Example 8 was formed, except that a polyether-urethane adhesive was used 
for bonding together an outermost layer 1 1 and an aluminum foil and a 4 urn thick melamine resin film was used as a 
protective layer 15. 

OPET1 2/PUD/0N1 5/PED/AL25/3C/MR4/PUD/OPET6/PUD/PPA50 
Example 1 1 

[0098] A battery packaging laminated structure in Example 1 1 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 10 was formed, except that a 10 |im thick polyester resin film was 
used as a protective layer 15. 

OPET1 2/PD/ON1 5/PUD/AL25/EC/AC5/PUD/OPET6/PUD/PPA50 
Example 12 

[0099] A battery packaging laminated structure in Example 12 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 8 was formed, except that a 5 ^im thick acrylic resin film was used as 
a protective layer 15. 

OPET1 2 /PUD/ON15/PUD/AL25/3C/AC5 /PUD/O PET6/PUD/P PASO 
Example 13 

[0100] A battery packaging laminated structure in Example 13 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 8 was formed, except that a polyether-urethane adhesive was used 
for laminating a 12 nm thick oriented polyester film and a 15 urn thick oriented polyamide film by dry lamination, and a 
4 urn thick unsaturated graft random propylene film was used as a protective layer 15. 

OPET1 2/P ED/O N 1 5/P U D/AL25/3C/P PA4/PU D/O P ET6/P U D/P PA50 

Example 14 

[0101] A battery packaging laminated structure in Example 14 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 8 was formed, except that a 4 urn thick unsaturated graft polyethyl- 
ene film was used as a protective layer 15. 

O P ET1 2/P U D/ON 1 5/PU D/AL25/3C/P E A4/PU D/O P ET6/P U D/P PA50 

Example 15 

[0102] A battery packaging laminated structure in Example 15 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 12 was formed, except that a polyether-urethane adhesive was used 
for laminating an outermost layer 11 and a barrier layer 12, and a 70 \xm thick unsaturated graft polyethylene film was 
used as an innermost layer 14. 

OPET1 2/PUD/ON 1 5/PED/AL25/3C/AC5/PUD/OPET6/P U D/P EA70 
Example 16 

[0103] A battery packaging laminated structure in Example 1 6 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 12 was formed, except that a 50 urn thick ethylene-methyl methacr- 
ylate copolymer film was used as an innermost layer 14. 

OPET1 2/PUD/ON1 5/P UD/AL25/3C/AC5/PU D/O P ET6/P U D/EAM50 
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[0104] A battery packaging laminated structure in Example 1 7 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 12 was formed, except that a 30 pm thick homopropylene film was 
5 used as an innermost layer 1 4. 

0 P ET1 2/PU D/ON 1 5/P U D/AL25/3C/AC3/ PU D/O P ET6/P U D/PH30 
Example 18 

[0105] A battery packaging laminated structure in Example 1 8 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 12 was formed, except that a 40 u.m thick random propylene film was 
used as an innermost layer 1 4. 

15 O P ET1 2/P U D/ON 1 5/P U D/AL25/3C/AC3/ P U D/O P ET6/P U D/P R40 
Example 19 

[0106] A battery packaging laminated structure in Example 1 9 was formed by a method similar to that by which the 
20 battery packaging laminated structure in Example 12 was formed, except that a 90 butene-random propylene copoly- 
mer film was used as an innermost layer 1 4. 

OPET1 2/PUD/ON 1 5/PUD/AL25/3C/AC1 /PUD/OP ET6/PUD/BR90 
25 Example 20 

[01 07] A 12 urn thick oriented polyester film and a 1 5 u.m thick polyamide film were laminated by dry lamination of 
form an outermost layer 1 1 , and a 20 urn thick aluminum foil coated with a tervalent chromium film (acid-resistant film)* 
was laminated to the oriented polyamide film by dry lamination. A 2 urn thick acrylic resin film as a protective layer was 
30 laminated to the tervalent chromium film, and a 60 u,m thick random propylene film as an innermost layer 1 4 was lami-„ 
nated to the acrylic resin film by thermal lamination using an unsaturated graft random propylene as an adhesive. 

OPET12/PUD/ON15/PUD/AL25/3C/AC2/PUD/OPET6;TL=PAD/PR60 
35 Example 21 

[0108] A battery packaging laminated structure in Example 21 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 20 was formed, except that an outermost layer 1 1 and a barrier layer 
12 were laminated by dry lamination using a polyether-urethane adhesive, a 5 \vm thick epoxy resin layer was used as 
40 a protective layer 15, an unsaturated graft polyethylene was applied to the protective layer 15 and a 50 \im thick ethyl- 
ene-methyl methacrylate copolymer film was used as an innermost layer 14. 

OPET1 2/PUD/ON1 5/PED/AL25/3C/EP5/TL=PEAD/EAM50 
45 Example 22 

[01 09] A battery packaging laminated structure in Example 22 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 20 was formed, except that a 5 urn thick unsaturated graft random 
propylene film was used as a protective layer 15, and a 50 urn thick unsaturated graft random propylene film was used 
so as an innermost layer 1 5 and was laminated directly to the protective layer 1 5 by dry lamination. 

OPET1 2/PUD/ON1 5/PUD/AL25/3C/PPA5/TUPPA50 
Example 23 

55 

[01 10] A battery packaging laminated structure in Example 23 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 20 was formed, except that a zinc phosphate film was used as an 
acid-resistant film, a 2 u/n thick phenolic resin film was used as a protective layer 15, and a 70 jwn thick butene-random 
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propylene copolymer film was used an innermost layer 14. 

0PET1 2/PUD/0N1 5/PUD/AL25/PZ/FN2iTL=PAD/BR70 
5 Example 24 

[01 1 1] A battery packaging laminated structure in Example 24 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 20 was formed, except that a zinc phosphate film was used as an 
acid-resistant film, aS\xm thick film of a blend of five parts of an epoxy resin and one part of a melamine resin was used 
10 as a protective layer 15. 

OPET1 2/PUD/ON1 5/PUD/AL25/PZ/EP+MFVTL=PAD/PPA50 

Example 25 

15 

[0112] A battery packaging laminated structure in Example 25 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 20 was formed, except that an outermost layer 1 1 and a barrier layer 
12 were laminated by dry lamination using a polyether-urethane adhesive, a 4 urn thick acrylic resin film was used as 
a protective layer 15, an innermost layer 14 was formed by the coextrusion of a 40 urn thick homopropylene film and a 
20 1 0 urn thick random propylene film, and the homopropylene film was laminated to the protective layer 15 by dry lamina- 
tion. 

OPET12/PUD/ON15/PED/AI_25/3C/AC4/PUD/OPET6/PUD/PH40//PR10 
25 Example 26 

[0113] A battery packaging laminated structure in Example 26 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 20 was formed, except that a 4 \im thick acrylic resin film was used 
as a protective layer 1 5, an innermost layer 14 was formed by the coextrusion of a 30 urn thick homopropylene film and 
30 a 25 \Lvn thick unsaturated graft random propylene film, and the homopropylene film was laminated to the protective 
layer 1 5 by dry lamination. 

OPET1 2/PUD/ON1 5/PUD/AL25/3C/AC4/PUD/OPET6/PUD/PH30//PPA25 

35 Example 27 

[0114] A battery packaging laminated structure in Example 27 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 20 was formed, except that a 4 urn thick acrylic resin film was used 
as a protective layer 15, an innermost layer 14 was formed by the coextrusion of a 40 ujti thick homopropylene film and 
40 a 10 nm thick random propylene film, and the homopropylene film was laminated to the protective layer 15 by thermal 
lamination using an unsaturated graft random propylene adhesive. 

OPET1 2/PUD/ON1 5 /PUD/AL25/3C/AC4^TL=PAD/PH40//PR1 0 

45 Example 28 

[0115] A battery packaging laminated structure in Example 28 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 20 was formed, except that a zinc phosphate film was used as an 
acid-resistant film, an innermost layer 14 was formed by the coextrusion of a 5 um thick random propylene film and a 
so 20 um thick homopropylene film, and the 5 \m\ thick random propylene film was laminated to the zinc phosphate film by 
thermal lamination using an unsaturated graft random propylene adhesive. 

OPET1 2/PUD/ON1 5/PUD/AL25/PZ/PPA6/TL=PAD/PR5//PH30/PR1 0 

55 Example 29 

[0116] A battery packaging laminated structure in Example 29 was formed by a method similarto that by which the 
battery packaging laminated structure In Example 28 was formed, except that a 3 ^im thick unsaturated graft polyethyl- 
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ene film was used as a protective layer 15, an innermost layer 14 was formed by the coextrusion of a 15 \im thick low- 
density polyethylene film and a 50 urn thick ethylene-methyl methacrylate copolymer film, and the low-density polyeth- 
ylene film was laminated to the protective layer. 

5 OPET12/PUD/ON15/PUD/AL25/PZ/PEA3/TL=PAD/LD15//EAM50 

Example 30 

[0117] An outermost layer 1 1 was formed by laminating a 12 [im thick oriented polyester film and a 15 urn thick ori- 
10 ented polyamide film by dry lamination using a polyether-urethane adhesive, a 25 urn thick aluminum foil was coated 
with a tervalent chromium film as' an acid-resistant film, the aluminum foil was laminated to the oriented polyamide film 
of the outermost layer 11 by dry lamination, a 4 urn thick phenolic resin film was ford as a protective layer 15 on the 
surface of the tervalent chromium film, a 10 urn thick high-density polyethylene film as an intermediate layer 13 was 
laminated to the phenolic resin film by dry lamination, and a 70 urn thick ethylene-methyl methacrylate copolymer film 
15 was laminated to the high-density polyethylene film by thermal lamination. 

OPET1 2/PED/ON1 5/PUD/AL25/3C/FN4/TL=PEAD/HD1 0/TL7EAM70 

Example 31 

20 

[01 1 8] A battery packaging laminated structure in Example 31 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 30 was formed, except that an outermost layer 11 was formed by 
laminating a 12pm thick oriented polyesterfilm and a 15 pm thick oriented polyamide film by dry lamination using a pol- 
yester-urethane adhesive, a 4 urn thick acrylic resin film was used as a protective layer 15. a 15 pm thick homopropyl- 
25 ene film was used as an intermediate layer 1 3, and a 50 p.m thick unsaturated graft random propylene film was used as 
an innermost layer 14. 

OPET1 2/PUD/ON1 5/PUD/AL25/3C/AC4/TL=PAD/PH1 5/TL/PPA50 
30 Example 32 

[0119] A battery packaging laminated structure in Example 32 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 31 was formed, except that a 3 pm thick acrylic resin film was used 
as a protective layer 1 5, a 6 urn thick homoproylene film was used as an intermediate layer 13 and a 50 pm thick unsatu- 
35 rated graft random propylene film was used as an innermost layer 14. 

OPET1 2/PUD/ON1 5/PUD/AL25/PZ/AC3/TL=PAD/PH6/TL=PAD/PA50 
Example 32 

40 

[0120] A 12 urn thick oriented polyester film and a 15 pm thick oriented polyamide film were laminated by dry lam- 
ination using a polyether-urethane adhesive to form an outermost layer 1 1 , a 25 pm thick aluminum foil coated with a 
tervalent chromium film as an acid-resistant film was laminated to the oriented polyamide film of the outermost layer 1 1 
by dry lamination, the tervalent chromium film was coated with a 4 pm thick acrylic resin film as a protective layer 15, a 
45 6 jam thick oriented polyester film as an intermediate layer 13 is laminated to the acrylic resin film by dry lamination, an 
innermost layer 14 was formed by the coextrusion of a 40 urn thick random propylene film and a 20 urn thick butene- 
random propylene copolymer film, and the random propylene film of the innermost layer was laminated to the interme- 
diate layer 13. 

50 OPET12/PED/ON15/PUD/AL25/3C/AC4/PUD/OPET6/PUD/PR40//BR20 
Example 34 

[0121] A battery packaging laminated structure in Example 34 was formed by a method similar to that by which the 
55 battery packaging laminated structure in Example 33 was formed, except that a polyester-urethane adhesive was used 
for laminating a 12 pm thick oriented polyesterfilm and a 15 pm thick polyamide film by lamination to form an outermost 
layer 1 1 , a film formed by the coextrusion of a random propylene film and a butene-homopropylene copolymer film was 
used as an innermost layer 14, and the random propylene film of the innermost layer 14 was laminated to an interme- 
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diate layer 13. 

OPT1 2/PUD/ON1 5/P U D/AL25/3C/AC4/PU D/O P ET6/PU D/P R 1 0//PH20//BR20 
5 Example 35 

[0122] A battery packaging laminated structure in Example 35 was formed by a method similarto that by which the 
battery packaging laminated structure in Example 34 was formed, except that a 5 Jim thick epoxy resin film was used 
as a protective layer 15, an innermost layer 14 was formed by the coextrusion of a 15 ^im thick low-density polyethylene 
10 film and a 50 \im thick ethylene-methyl methacrylate film, and the low-density polyethylene film was laminated to an 
intermediate layer 13. 

OPET12/PUD/ON15/PUD/AL25/3C/EP5/PUD/OPET6/PUD/LD15//EAM50 

15 Example 36 

[0123] An outermost layer 1 1 was formed by laminating a 1 2 jtm thick oriented polyester film and a 15 \im thick ori- 
ented polyamide film by dry lamination using a polyether-urethane adhesive, a 25 urn thick aluminum foil coated with a 
tervalent chromium film as an acid-resistant film was laminated to the oriented nylon film of the outermost layer 1 1 and 
20 a 2 jim thick acrylic resin film as a protective layer 15 was formed on the tervalent chromium film. A 20 urn thick low- 
density polyethylene film as a first intermediate layer, 6 jim thick oriented polyester film as a second intermediate layer 
and a 50 urn thick random propylene film as an innermost layer 14 were laminated sequentially to the protective layer 
15 by dry lamination. 

25 OPET1 2/P ED/O N 1 5/P U D/AL25/3C/AC2/PU D/LD20/P U D/O P ET6/P U D/P R50 
Example 37 

[0124] An outermost layer 1 1 was formed by laminating a 12 jim thick oriented polyester film and a 15 urn thick 
30 polyamide film by dry lamination, a 25 urn thick aluminum foil coated with a zinc phosphate film as an acid-resistant film 
was laminated to the oriented polyamide film by dry lamination, a 3 jim thick polyester film as a protective layer 15 was 
formed on the zinc phosphate film, a 15 nm thick random propylene film as a second intermediate layer 13b was lami- 
nated to the protective layer 15 by using an unsaturated graft random propylene adhesive, a 6 \im thick oriented poly- 
ester film as a first intermediate layer 13a was laminated to the protective layer 15 with an unsaturated graft random 
35 propylene adhesive, a 6 jim thick oriented polyester film as a first intermediate layer 13a coated with a polyester-u re- 
thane adhesive as an anchor coat was laminated to the second intermediate layer 13b by thermal lamination, and a 50 
jam thick unsaturated graft random propylene film as an innermost layer 14 was laminated to the first intermediate layer 
13a by dry lamination. 

40 OPET12/PUD/ON15/PUD/AL25/PZ/PET3^L=PAD/PR15/ANC=PUD/OPET6/PUD/PPA50 
Example 38 

[0125] A battery packaging laminated structure in Example 38 was formed by a method similarto that by which the 
45 battery packaging laminated structure in Example 37 was formed, except that a 3 jxm thick polyester film was used as 
a protective layer 15, a 10 jim thick random propylene film was used as a second intermediate layer 13b, an innermost 
layer 1 4 was formed by the coextrusion of a 30 |im thick homopropylene film and a 25 urn thick unsaturated graft ran- 
dom propylene film, and the 30 ^im thick homopropylene film was laminated to a first intermediate layer 1 3a by dry lam- 
ination. 

50 

OPET1 2/PUD/ON1 5/PUD/AL25/PZ/PET3/TL==PAD/PR1 0/ANC=PUD/OPET6/PUD/PH30//PPA25 
Example 39 

55 [0126] A battery packaging laminated structure in Example 39 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 38 was formed, except that a 3 \ivn thick acrylic resin film was used 
as a protective layer 15, an innermost layer 14 was formed by the coextrusion of a 10 \im thick random propylene film, 
a 20 jim thick homopropylen film and a 20 jim thick butene-random propylene copolymer film, and the 1 0 jim thick ran- 
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dom propylene film was bonded to a first intermediate layer 13a. 

OPET12/PUD/ON15/PUD/AL25/PZ/AC3AL=PAD/PR10/ANC=PUD/OPET6/PUD/PR10//PH20//BR20 



5 Example 40 

[0127] An outermost layer 1 1 was formed by laminating a 1 2 ujm thick oriented polyester film and a 1 5 ujti thick ori- 
ented polyamide film by dry lamination, a 25 um thick aluminum foil coated with a tervalent chromium film as an acid- 
resistant film was laminated to the oriented polyamide film by dry lamination, a 4 ujn thick acrylic resin film was formed 
w as a protective layer 15 on the tervalent chromium film, an intermediate layer 13 was formed by the coextrusion of a 5 
urn thick random propylene film, a 30 urn thick homopropylene flint and a 5 urn thick random propylene film, the random 
propylene film of the intermediate layer 13 was laminated to the protective layer 15 by thermal lamination using an 
unsaturated graft random propylene adhesive, and a 20 ]im thick unsaturated graft random propylene film as an mner- 
- most layer 1 4 was laminated to the intermediate layer 1 3 by thermal lamination. 
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Example 41 

20 [01 28] A battery packaging laminated structure in Example 41 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 40 was formed, except that a zinc phosphate film was used as an 
acid-resistant film, a 5 urn thick polyester film was used as a protective layer, an intermediate layer. 1 3 was formed by 
the coextrusion of a 5 urn thick low-density polyethylene film, a 30 urn thick high-density polyethylene and a 5 um thick 
low-density polyethylene film, the intermediate layer 13 was laminated to the protective layer 15 by dry lamination, and 

25 a 20 um thick ethylene-methyl methacrylate copolymer film was used as an innermost layer 1 4. 

OPET12/PUD/ON15/PUD/AL25/PZ/PET5/PUD/LD5//HD30//LD5/TL/EAM20 
Performance Characteristics of Pouches 

[0129] Pouches were fabricated by working the buttery packaging laminated structures in-Examples 1 to 41 . The- 
performance characteristics of all the pouches were satisfactory. 



30 



1. Electrolyte resistance: Not delaminated 
35 2. Moisture impermeability: 300 ppm or below 

3. Peel strength: 9.8 N/15 mm or above (-40 °C) 9.8 N/15 mm or above (120 °C) 

4. Short circuit preventing ability 

[0130] The outermost layers and the corresponding barrier layers were not delaminated. 
40 [0131] Pinholes were not formed in none of the outermost layers. 
[0132] None of the barrier layers was in contact with the terminals. 



Embossed Packages 



45 [0133] 

Shape: Rectangular tray with flange 

Overall dimensions: 42 mm x 58 mm x 3.1 mm (Width of sealed part: 5 mm) 
Dimensions of embossed part: 30 mm x 45 mmx 3.1 mm (Inclination of side walls: 5°) 

50 

Note: A numeral in [ ] is the coefficient u of kinetic friction of the innermost layer. 



Sample Battery Packaging Materials for Embossed Packages 

[0134] In the following representation of laminated structures, outer layers are nearer to the left end and inner layers 
are nearer to the right end (the end on the side of the lithium battery module). 
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Sample Battery Packaging Materials for Embossed Packages 
Example 1 

[0135] An outermost layer 1 1 was formed by laminating a 1 6 urn thick oriented copolyester film and a 1 5 urn thick 
oriented polyamide film by dry lamination using a polyester-urethane adhesive, a 50 jim thick aluminum foil coated with 
a tervalent chromium film was laminated to the oriented polyimide film with the tervalent chromium film contiguous with 
the oriented polyamide film by dry lamination, and a 16 urn thick oriented polyester film was laminated to the tervalent 
chromium film by dry lamination and a 30 jim thick unsaturated graft random propylene film as an innermost layer 14 
was laminated to the oriented polyester film by dry lamination 

OPET1 6/PUD/ON15/PUD/AL(#1 )50/3C/PUD/OPET1 6/PUD/PPA30[0.29] 

Note: AL(#1) stands for an aluminum foil containing 1 .0% iron, 0.10% silicon and 0.01% manganese. 

Example 2 

[0136] A 1 6 urn thick oriented copolyester film as an outermost layer 1 1 and a 50 thick aluminum foil coated with 
a tervalent chromium film were laminated by dry lamination, a 10 urn thick homopropylene film as an intermediate layer 
13 was laminated to the tervalent chromium film by dry lamination and a 30 urn thick unsaturated graft random propyl- 
ene flint as an innermost layer 14 was laminated to the intermediate layer 1 3 by dry lamination. 

OPET1 6/PUD/AL(#1 )50/EC/PUD/PH1 0/PUD/PPA30[0.25] 
Example 3 

[0137] A 1 6 urn thick oriented copolyester film as an outermost layer 1 1 and a 50 urn thick aluminum foil coated with 
a tervalent chromium film were laminated by dry lamination and a 30 *im thick unsaturated graft random propylene film 
as an innermost layer 14 was laminated to the tervalent chromium film. 

OPET1 6/PUD/AL(#1 )50/3C/PUD/PPA30[0.28] 

Example 4 

[0138] A battery packaging laminated structure in Example 4 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 3 was formed, except that a 40 urn thick aluminum foil was used. 

OPET1 6/PUD/AL(#1 )40/3C/PUD/PPA30[0.2] 

Example 5 

[0139] A battery packaging laminated structure in Example 5 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 3 was formed, except that an 80 urn thick aluminum foil was used. 

OPET1 6/PUD/AL(#1 )80/3C/PUD/PPA30[0.2] 

Example 6 

[0140] A 1 6 urn thick oriented copolyester film and a 40 urn thick aluminum foil coated with a2p thick tervalent 
chromium film were laminated by dry lamination, a 2 urn thick acrylic resin film as a protective layer 15 was formed on 
the tervalent chromium film, a 50 u/n thick random propylene film as an innermost layer 14 was laminated to the pro- 
tective layer 1 5 by thermal lamination using an unsaturated graft polyethylene adhesive. 

Note: AL(#2) stands for an aluminum foil containing 1 .2% iron, 0. 1 5% silicon and 0.002% manganese. 

OPET16/PUD/AL(#2)40/3C/ACaTL=PAD/PR30[0.2] 
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Example 7 

[0141] A battery packaging laminated structure in Example 7 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 6 was formed, except that a 1 *im thick tervalent chromium film was 
5 used as a protective layer 1 5 and a 40 \irr\ thick aluminum foil represented by AL(#3) was used. 

Note: AL(#3) stands for an aluminum foil containing 1 .5% iron, 0.09% silicon and 0.5% manganese. 

OPET16/PUD/AL(#3)40/3C/AC2)TL=PAD/PR30[0.2] 

10 

Example 8 

[0142] A battery packaging laminated structure in Example 8 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 7 was formed, except that a 40 urn thick aluminum foil represented 
15 by AL(#4) was used. 

Note: AL(#4) stands for an aluminum foil containing 1 .5% iron, 0.1 5% silicon and 0.5% manganese. 
OPET1 6/PUD/AL(#4)40/3C/AC2^"L=PAD/PR30[0.2] 

20 

Example 9 

[0143] A battery packaging laminated structure in Example 9 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 6 was formed, except that a 40 \m\ thick aluminum foil represented 
25 by AL(#5) was used. 

Note: AL(#5) stands for an aluminum foil containing 0.8% iron, 0.1% silicon and 0.01% manganese. 
OPET1 6/PUD/AL(#5)40/3C/AC2/TL=PAD/PR30[0.2] 

30 

Example 10 

[0144] A battery packaging laminated structure in Example 1 0 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 7 was formed, except that a 40 |xm thick aluminum foil represented 
35 by AL(#6) was used. 

Note: AL(#6) stands for an aluminum foil containing 0.5% iron, 0.2% silicon and 1 .1 % manganese. 
OPET16/PUD/AL(#6)40/3C/AC2/TL=PAD/PR30[0.2] 

40 

Example 1 1 

[0145] A battery packaging laminated structure in Example 1 1 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 7 was formed, except that a 40 fim thick aluminum foil represented 
45 by AL(#7) was used. 

Note: AL(#7) stands for an aluminum foil containing 6.0% iron, 1 .15% silicon and 0.1% manganese. 
OPET16/PUD/AL(#7)40/3C/AC2yTL=PAD/PR30[0.2] 

50 

Example 12 

[0146] A battery packaging laminated structure in Example 12 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 7 was formed, except that a 50 jam thick aluminum foil represented 
55 by AL(#3) was used. 

OPET16/PUD/AL(#3)50/3C/AC2^"L=PAD/PR30[0.2] 
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Example 13 

[01 47] A 1 6 urn thick oriented copolyester film as an outermost layer 1 1 and a 50jim thick aluminum foil coated with 
a tervalent chromium film as an acid-resistant film were laminated by dry lamination, and a 40 urn thick random propyl- 
5 ene film as an innermost layer 14 was laminated to the tervalent chromium film by dry lamination. 

OPET16/PUD/AL(#3)50/PC/PUD/PR40[0.2] 
Example 14 

10 

[0148] A battery packaging laminated structure in Example 14 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 13 was formed, except that a zinc phosphate film was used as an 
acid-resistant film. 

15 OPET1 6/PUD/AL(#3)50/PZ/PUD/PR40[0.2] 
Example 15 

[0149] A battery packaging laminated structure in Example 15 was formed by a method similar to that by which the 
20 battery packaging laminated structure in Example 1 3 was formed, except that a calcium phosphate film was used as an 
acid-resistant film 

OPET16/PUD/AL(#3)50/PCa/PUD/PR40[0.2] 
25 Example 16 

[0150] A 16 urn thick oriented copolyester film as an outermost layer 11 and a 50 jot thick aluminum foil (AL(#3)) 
coated with a 2 ^m thick tervalent chromium film as an acid-resistant film were laminated by dry lamination, a 5 \xm thick 
epoxy resin film as a protective layer 1 5 was formed on the trivalent chromium film and a 30 urn thick random propylene 
30 film as an innermost layer 14 was laminated to the protective layer 15 by dry lamination. 

OPET16/PUD/AL(#3)50.3C/EP5/PUD/PR30[0.2] 
Example 17 

35 

[0151] A battery packaging laminated structure in Example 1 7 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 1 6 was formed, except that a 3 jim thick phenolic resin film was used 
as a protective layer 1 5. 

40 OPET1 6/PUD/AL(#3 )50/3C/FN3/PUD/PR30[0.2] 
Example 18 

[0152] A battery packaging laminated structure in Example 1 8 was formed by a method similar to that by which the 
45 battery packaging laminated structure in Example 16 was formed, except that a 4 \im thick melamine resin film was 
used as a protective layer 1 5. 

OPET16/PUD/AL(#3)50/3C/MR4/PUD/PR30[0.2] 
so Example 19 

[0153] A battery packaging laminated structure in Example 1 9 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 1 6 was formed, except that a 1 0 ^im thick polyester film was used as 
a protective layer 15. 

55 

OPET1 6/PUD/AL(#3)503C/PET1 0/PUD/PR30[0.2] 
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Example 20 

[0154] A battery packaging laminated structure in Example 20 was formed by a method similar to that by which 
battery packaging laminated structure in Example 16 was formed, except that a 5 \irr\ thick acrylic resin film was u 
5 as a protective layer 1 5. 



OPET1 6/PUD/AL(#3 )50/3C/AC5/PUD/PR30[0.2] 



Example 21 

w 

[01 55] A battery packaging laminated structure in Example 21 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 16 was formed, except that a 4 urn thick unsaturated graft random 
polypropylene film was used as a protective layer 15. 

15 OPET1 6/PUD/AL(#3)50/3C/PPA4/PUD/PPA30[0.2] 
Example 22 

[01 56] A battery packaging laminated structure in Example 22 was formed by a method similar to that by which the 
20 battery packaging laminated structure in Example 1 6 was formed, except that a 4 urn thick unsaturated graft polyethyl- 
ene film was used as a protective layer 1 5. 

OPET16/PUD/AL(#3)50/3C/PEA4/PUD/PR30[0.2] 



25 Example 23 

[0157] A 16 j^n thick oriented copolyester film as an outermost layer 1 1 and a 50 urn thick aluminum foil (AL(#3)) 
coated with a 2 ujti thick tervalent chromium film as an acid-resistant film were laminated by dry lamination, a 5 ujti thick 
acrylic resin film as a protective layer 15 was formed on the trivalent chromium film, a 1 6 u.m thick polyester film as an< 
30 intermediate layer 13 was laminated to the protective layer 15 by dry lamination and a 40 u/n thick unsaturated graft . 
random propylene film as an innermost layer 1 4 was laminated to the intermediate layer 13 by dry lamination. 

COPET1 6/PUD/AL(#3)50/3C/AC5/PUD/COPET1 6/PUD/PPA40[0.2] 



35 Example 24 

[0158] A battery packaging laminated structure in Example 24 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 23 was formed, except that a 30 jim thick unsaturated graft polyeth- 
ylene film was used as an innermost layer 14. 

40 

COPET1 6/PUD/AL(#3)50/3C/AC5/PUD/COPET1 6/PUD/PEA30[0.25] 



Example 25 

45 [0159] A battery packaging laminated structure in Example 25 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 23 was formed, except that a 50 fim thick ethylene-methyl methacr- 
ylate copolymer film was used as an innermost layer 14. 

COPET1 6/PUD/AL(#3)50/3C/AC5/PUD/COPET1 6/PUD/EAM50[0.3] 

50 

Example 26 

[0160] A 1 0 um thick low-density polyethylene film as a second intermediate layer 1 3b was attached to a 2 ujn thick 
acrylic resin film as a protective layer 15 by extrusion coating, a 50 um thick aluminum foil (AL(#3)) coated with a terva- 
55 lent chromium film as an acid-resistant film was iaminated to the protective layer 1 5 by dry lamination, a 1 6 urn thick 
oriented polyester film coated with a polyester-urethane adhesive as an anchor coat as a first intermediate layer 13a 
was laminated to the second intermediate layer 13a, and a 50 um thick random propylene film as an innermost layer by 
dry lamination. 
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OPET1 6/PUD/AL(#3)50/3C/AC2/PUD/LD1 0/ANC=PUD/COPET1 6/PCD/PR50[0.4] 
Example 27 

5 [0161] A battery packaging laminated structure in Example 27 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 23 was formed, except that a 3 urn thick acrylic resin film was used 
as a protective layer 15 and a 30 urn thick homopropylene film was used an innermost layer 14. 

COPET1 6/PUD/AL(#3)50/3C/AC3/PUD/COPET1 6/PUD/PH30[0.1 3] 

10 

Example 26 

[0162] A battery packaging laminated structure in Example 28 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 27 was formed, except that a 40 \im thick random propylene film was 
is used as an innermost layer 1 4. 

COPET1 6/PUD/AL(#3)50/3C/AC3/PUD/COPET1 6/PUD/PR40[0.1 ] 

Example 29 

20 

[0163] A battery packaging laminated structure in Example 29 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 27 was formed, except that a 90 urn thick butene-random propylene 
copolymer film was used as an innermost layer 14. 

25 COPET1 6/PUD/AL(#3)50/3C/AC5/PUD/COPET1 6/PUD/BR90[0.5] 

Example 30 

[0164] A 16 urn thick oriented copolyester film as an outermost layer 1 1 and a 40 ^m thick aluminum foil (AL(#3)) 
30 coated with a tervalent chromium film were laminated by dry lamination, a 2 urn thick acrylic resin film as a protective 
layer 1 5 was formed on the tervalent chromium film, a 30 |im thick random propylene film as an innermost layer 1 4 was 
laminated to the protective layer 15 by thermal lamination using an unsaturated graft random polypropylene adhesive. 

COPET16/PUD/AL(#3)50/3C/AC2^L=PAD/PR30[0.2] 

35 

Example 31 

[0165] A battery packaging laminated structure in Example 31 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 30 was formed, except that a 5 urn thick epoxy resin film was used 
40 as a protective layer 15, a 50 urn thick ethylene-methyl methacrylate copolymer film was used as an innermost layer 14 
and an unsaturated graft polyethylene was used as an adhesive for thermal lamination. 

COPET16/PUD/AL(#3)50/3C/EP5yTL=PEAD/EAM50[0.2] 

45 Example 32 

[0166] A 1 6 ^im thick oriented copolyester film as an outermost layer 11 and a 40 ^im thick aluminum foil (AL(#3)) 
coated with a tervalent chromium film were laminated by dry lamination, a 4 thick phenolic resin film as a protective 
layer 15 was formed on the tervalent chromium film, a 10 urn thick high-density polyethylene film as an intermediate 
so layer 13 was laminated to the protective layer 15 by thermal lamination using an unsaturated graft random polypropyl- 
ene adhesive, and a 70 ^im thick ethylene-methyl methacrylate copolymer film as an innermost layer 14 was laminated 
to the intermediate layer 13 by thermal lamination. 

COPET16/PUD/AL(#3)50/3C/FN4n*L=PEAD/HD10/TUPEAD/EAM70[0.1] 

55 

Example 33 

[0167] A battery packaging laminated structure in Example 33 was formed by a method similar to that by which the 
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battery packaging laminated structure in Example 32 was formed, except that a 4 *im thick phenolic resin film was used 
as a protective layer 1 5, a 1 5 urn thick homoproylene film was used as an intermediate layer 1 3, the protective layer 1 5 
and the intermediate layer 13 were laminated by thermal lamination using an unsaturated graft polyethylene adhesive, 
and a 30 ^m thick unsaturated graft random polypropylene film was used as an innermost layer 14. 

5 

COPET16/PUD/AL(#3)50/3C/FN4/7L=PEAD/PH10/TL=PEAD/PPA30[0.2] 
Example 34 

w [01 68] A battery packaging laminated structure in Example 34 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 30 was formed, except that a 5 \im thick unsaturated graft random 
polypropylene film was used as a protective layer 15, a 30 jim thick unsaturated graft random polypropylene film was 
used as an innermost layer 14, and the protective layer 15 and the innermost layer 14 are laminated by thermal lami- 
nation using unsaturated graft polyethylene. 

15 

COPET1 6/PUD/AL(#3 )50/3C/PPA5/TL=PEAD/PPA30[0.5] 
Example 35 

20 [0169] A battery packaging laminated structure in Example 35 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 30 was formed, except that a zinc phosphate film was used as an 
acid-resistant film, a 2 jiim thick phenolic resin film was used as a protective layer 1 5 and a 70 urn thick butene-random 
propylene copolymer film was used as an innermost layer 14. 

25 COPET1 6/PUD/AL(#3)50/PZ/FN2^"L=PAD/BR70[0.6] 
Example 36 

[0170] A 1 0 urn thick low-density polyethylene film as a second intermediate Jayer 1 3b was attached to a 3 ^im thick * 
30 polyester film as a protective layer 1 5 by extrusion coating, a 50 |Lim thick aluminum foil (AL(#3)) coated with a zinc phos- 
phate film as an acid-resistant film was laminated to the protective layer 1 5 by dry lamination, a 6 jim thick oriented pol-r 
yesterfilm coated with a polyester-urethane adhesive as an anchor coat as a first intermediate layer 13a was laminated , 
to the second intermediate layer 13a, and a 50 urn thick graft random propylene film as an innermost layer 14 by dry 
lamination. 

35 

OPET1 6/PUD/AL(#3)50/PZ/PET3yTL=PAD/PR1 0/ANC=PUD/COPET1 6/PUD/PPA50[0.2] 
Example 37 

40 [0171] A battery packaging laminated structure in Example 37 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 30 was formed, except that a zinc phosphate film was used as an 
acid-resistant film, a 6 urn thick blended resin film of an epoxy resin and metamine resin (blend ratio: 5 : 1) was used as 
a protective layer 15 and a 50 jim thick unsaturated graft random polypropylene film was used as an innermost layer 14. 

45 COP ET1 6/PU D/AL(#3)50/PZ/EP+M R/TL=PAD/PPA50[0. 1 5] 

Example 38 

[0172] A battery packaging laminated structure in Example 37 was formed by a method similar to that by which the 
so battery packaging laminated structure in Example 33 was formed, except that a zinc phosphate film was used as an 
acid-resistant film, a 3 thick acrylic resin film was used as a protective layer 15, a 10 jum thick homopropylene film 
was used as an intermediate layer 13 and a 50 jtm thick unsaturated graft random polypropylene film was used as an 
innermost layer 14. 

55 COPET16/PUD/AL(#3)50/PZ/AC3/TL=PAD/PH10/PPA50[0.3] 
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Example 39 

[0173] A 16 jim thick oriented copolyester as an outermost layer 1 1 and a 50 urn thick aluminum foil (AL(#3)) coated 
with a tervalent chromium film as an acid-resistant film were laminated by dry lamination, a 5 urn thick acrylic resin film 
as a protective layer 15 was formed on the tervalent chromium film, a 16 |im thick copolyester film as an intermediate 
layer 13 was laminated to the protective layer 15 by dry lamination, a coextruded film of a 5 \vr\ thick random propylene 
film, a 30 urn thick homopropylene film and a 10 urn thick random propylene film as an innermost layer 14 was lami- 
nated to the intermediate layer 13 by dry lamination. 

COPET1 6/PUD/AL(#3(50/3C/AC5/PUD/CO'PET1 6/PUD/PR5//PH30//PR1 0[0.2] 

Example 40 

[0174] A battery packaging laminated structure in Example 40 was formed by a method similarto that by which the 
battery packaging laminated structure in Example 30 was formed, except that a 4 pm thick acrylic resin film was used 
as a protective layer 15, a coextruded film of a 40 nm thick random propylene film and a 20 jim thick butene-random 
propylene copolymer film was used as an innermost layer 14, and the random propylene film was used as a lamination 
surface. 

COPET1 6/PUD/AL(#3)50/3C/AC4/PUD/COPET1 6/PUD/PR40//BR20[0.1 8] 
Example 41 

[0175] A battery packaging laminated structure in Example 41 was formed by a method similarto that by which the 
battery packaging laminated structure in Example 30 was formed, except that a coextruded film of a 10 jim thick ran- 
dom propylene film, a 20 ^im thick homopropylene film and a 20 pirn thick butene-random propylene copolymer film was 
used as an innermost layer 14, and the random propylene film was laminated to a protective layer 15. 

COPET1 6/PUD/AL(#3)50/3C/AC4/PUD/COPETl 6/PUD/PR40//BR20[0. 1 8] 

Example 42 

[0176] A battery packaging laminated structure in Example 42 was formed by a method similarto that by which the 
battery packaging laminated structure in Example 30 was formed, except that 5 urn thick epoxy resin film was used as 
a protective layer 15, a coextruded film of a 15 ^im thick low-density polyethylene film and a 50 urn thick ethylene-methyl 
methacrylate copolymer was used as an innermost layer 14, and the low-density polyethylene film was laminated to the 
protective layer 15. 

COPET1 6/PUD/AL(#3)50/3C/EP5/PUD/COPET1 6/LD1 5//EAM50[0.3] 

Example 43 

[0177] A 16 ^m thick oriented copolyester film as an outermost layer 11 and a 50 ^m thick aluminum foil (AL(#3)) 
coated with tervalent chromium film as an acid-resistant film were laminated by dry lamination, a 4 urn thick acrylic resin 
film as a protective layer 15 was formed on the tervalent chromium film, a coextruded film of a40 jxm homopropylene 
film and a 10 \im thick random propylene film was used as an innermost layer 14, the protective layer 15 and the homo- 
propylene film of the innermost layer 14 were laminated by dry lamination. 

COPET1 6/PUD/AL(#3)50/3C/AC4/PUD/PH40//PR1 0[0.22] 

Example 44 

[0178] A battery packaging laminated structure in Example 44 was formed by a method similarto that by which the 
battery packaging laminated structure in Example 43 was formed, except that a coextruded film of a 30 ^m thick homo- 
propylene film and a 25 jim thick unsaturated graft random polypropylene film was used as an innermost layer 1 4, and 
the homopropylene film of the innermost layer 14 was laminated to a protective layer 15. 

' COPET1 6^UD/AL(#3)50/3C/AC4/PUD/PH30//PPA25[0.3] 
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Example 45 

[0179] A battery packaging laminated structure in Example 45 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 43 was formed, except that a coextruded film of 30 \im thick homo- 
5 propylene film and a 10 jim thick random propylene film was used as an innermost layer 14, the homopropylene film of 
the innermost layer 14 was laminated to a protective layer 15 by thermal lamination using unsaturated graft random 
polypropylene adhesive. 

COPET1 6/PUD/AL(#3)50/3C/AC4TTL=PAD/PH40//PR1 0[0.2] 

10 

Example 46 

[0180] A battery packaging laminated structure in Example 46 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 43 was formed, except that a 6 urn thick unsaturated graft random 
75 polypropylene film was used as a protective layer 15, a coextruded film of a 5 yum thick random propylene film, a 30 jim 
thick homopropylene film and a 1 0 jim thick random propylene film was used as an innermost layer 1 4. and the protec- 
tive layer and the 5 urn thick random propylene film were laminated by thermal lamination. 

COPET16/PUD/AL(#3)50/3C/PPA6n"UPUD/PR5//PH30//PR10[0.2] 

20 

Example 47 

[0181] A battery packaging laminated structure in Example 47 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 43 was formed, except that a 3 urn thick unsaturated graft poiyethyl- 
25 ene film was used as a protective layer 15, a coextruded film of 15 urn thick low-density polyethylene film and a 50 urn 
thick ethylene-methyl methacrylate copolymer film was used as an innermost layer 14, and the protective layer 15 and 
the low-density polyethylene film of the innermost layer 14 were laminated by thermal lamination. 

COPETl6/PUD/AL(#3)50/3C/PEA3yTL=PUD/LD15//EAM50[0.5] 

30 

Example 48 

[0182] A 16 \im thick oriented copolyester film as an outermost layer 1 1 and a 50 urn thick aluminum foil (AL(#3)) * 
coated with a zinc phosphate film as an acid-resistant film were laminated by dry lamination, a 3 thick polyester film 

35 as a protective layer 15 was formed on the zinc phosphate film, a 1 0 ^im thick random propylene film as a second inter- 
mediate layer 13b was laminated to the protective layer 15 by thermal lamination using an unsaturated graft random 
polypropylene adhesive, a 6 jim thick oriented polyester film as a first intermediate layer 13a was coated with a polyes- 
ter-urethane adhesive as an anchor coat, a coextruded film of a 30 \xm homopropylene film and a 25 urn thick unsatu- 
rated graft random propylene film was used as an innermost layer 14, and the intermediate layer 13a and the innermost 

40 layer 14 were laminated by dry lamination. 

COPET16/PUD/AL(#3)50/PZ/PET3yTL=PAD/PR10/EC=PUD/OPET6/ANC=PUD/PH30//PPA25[0.24] 
Example 49 

45 

[01 83] A battery packaging laminated structure in Example 49 was formed by a method similar to that by which the 
battery packaging laminated structure in Example 48 was formed, except that a 3 urn thick acrylic resin film was used 
as a protective layer 15, a coextruded film of a 10 ^im thick random propylene film, a 20 jmn thick homopropylene film 
and a 20^im thick butene-random propylene copolymer film was used as an innermost layer 14, and the random propyi- 
50 ene film of the innermost layer 1 4 was laminated to a first intermediate layer 1 3a 

COPET16/PUD/AL(#3)50/PZ/AC3yTL=PAD/PR10/EC=PUD/OPET6/ANC=PUD/PR10//PH20//BR20[0.4] 

Example 50 

55 

[0184] A 1 6 |om thick oriented copolyester film as an outermost layer 1 1 and a 50 urn thick aluminum foil (AL(#3)) 
coated with a tervalent chromium film as an acid-resistant film were laminated by dry lamination, a 4 ^m thick acrylic 
resin film as a protective layer 1 5 was formed on the tervalent chromium film, a coextruded film of a 5 \im random pro- 
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pylene film, a 30 urn thick monopropyiene film and a 5 urn thick random propylene film was used as an intermediate 
layer 1 3, the protective layer and the intermediate layer 1 3 were laminated by thermal lamination using an unsaturated 
graft random polypropylene adhesive, a 20 urn thick unsaturated graft random polypropylene film was used as an inner- 
most layer 14, and the innermost layer 14 was laminated to the intermediate layer 13 by thermal lamination. 

5 

COPET1 6/PUD/AL(#3)50/3C/AC4n"L=PAD/PR5//PH30//PR5/TLyPPA20[0. 1 9] 
Example 51 

10 [0185] A battery packaging laminated structure in Example 51 was formed by a method similarto that by which the 
battery packaging laminated structure in Example 50 was formed, except that a zinc phosphate film was used as an 
acid-resistant film, a coextruded film of a 5 \um thick low-density polyethylene film and a 50 ^im thick high-density poly- 
ethylene film was used as an intermediate layer 1 3, the intermediate layer 1 3 was laminated to a protective layer 15 by 
dry lamination, a 20 nm thick ethylene-methyl methacrylate film was used as an innermost layer 14, and the intermedi- 

15 ate layer 13 and the innermost layer 14 was laminated by thermal lamination. 

COPET1 6/PUD/AL(#3)50/PZ/PET5/PUD/LD5//HD30//LD5/Th/EAM20[0.1 8] 
Performance Characteristics of Embossed Packages 

20 

[0186] Embossed packages were fabricated by working the buttery packaging laminated structures in Examples 1 
to 51 . The performance characteristics of all the embossed battery packages were satisfactory. 

1. Electrolyte resistance: Not delaminated 
25 2. Moisture impermeability: 300 ppm or below 

3. Peel strength: 9.8 N/15 mm or above (-40 °C) 9.8 N/15 mm or above (120 °C) 

4. Short circuit preventing ability 

The outermost layers and the corresponding barrier layers were not delaminated. 
Pinholes were not formed in none of the outermost layers. 
30 None of the barrier layers was in contact with the terminals. 

5. Formability 

[0187] Any pinholes were not formed in any one of the embossed battery packages. 

As shown in Fig. 3, a laminated structure 1 0 may be formed by constructing a first substructure by bonding together an 

35 outermost layer 1 1 and a barrier layer 1 2 with a dry lamination film DL, treating the surface of the barrier layer 1 2 and 
bonding a protective layer 1 5 to the barrier layer 1 2; constructing a second substructure by forming a two-layer interme- 
diate layer 13 of a first intermediate layer 13a and a second intermediate layer 13b bonded together by dry lamination 
DL, and bonding an innermost layer 14 to the intermediate layer 13 by dry lamination DL; and bonding together the first 
and the second substructure by thermal lamination using a film for thermal lamination TL 

40 [0188] The laminated battery packaging structure of the present invention may be used for both forming a pouch 
for containing a lithium battery module and forming an embossed battery package (cup type package) for containing a 
lithium battery module. The pouch may be a pillow-type pouch, a three-sided seal pouch as shown in Fig 5(a) or a four- 
sided seal pouch as shown in Fig. 5(b). Each of those pouches is sealed so that the terminals of the lithium battery 
project outside from a sealed end part of the pouch. As shown in Figs. 5(c), 5(d) and 5(e), the terminals may extend 

45 outside front any optional portions of the sealed part of the pouch or the embossed battery package. 

[0189] Sometimes, a battery package 4 of the battery packaging laminated structure of the present invention is an 
embossed battery package as shown in Fig. 2(b). The embossed battery package has a container 6 having an 
embossed part 8 and a flange 9, and a cover 7 to be bonded to the flange 9. Basically, a battery packaging laminated 
structure of four-layer construction as shown in Fig. 2(a) is used for forming the container 6. A polyester resin forming 

so the outermost layer 11 and/or the intermediate layer 13 is a polyethylene terephthalate copolymer or a polybutylene 
terephthalate copolymer. It is preferable that the film forming the outermost layer 1 1 and/or the intermediate layer 1 3 is 
oriented at a low draw ratio. When such a copolymer is used, the container 6 shown in Fig. 6(a) can be formed in a rec- 
tilinear shape. The container can be easily formed in a shape in which a ratio D/T is 1/50 or greater, where T is the width 
of the open end of the container 6 and D is the depth of the container 6 (Fig. 6(a')), and side wall is inclined at an incll- 

55 nation e of 130° or below. It is desirable to use an aluminum foil of 30 ^im or above in thickness for forming the barrier 
layer to prevent the formation of pinholes when the battery packaging laminated structure is worked. Since the cover 7 
to be attached to the container 6 having an embossed part 8 (Fig. 6(a)) is not embossed, the outermost layer 1 1 and/or 
the interm diate layer 1 3 of a battery packaging laminated structure for forming the cover 7 need not be the copolymer 
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film. When an embossed battery package has a pair of containers 6 and 6 1 each having an embossed part 8 as shown 
in Figs. 6(b) and 6(b'), both the containers 6 and 6' are formed from the battery packaging laminated structure. 
[01 90] The embossed battery package Is capable of neatly containing a lithium battery module. 
[0191] When the embossed battery package is used, the terminals may be extended outside from optional posi- 
tions of the sealed parts of the embossed battery package as shown in Figs. 6(c) and 6(d). 
[0192] A lithium battery formed by sealing a lithium battery module in a pouch formed from the lithium battery pack- 
aging laminated structure of the present invention is flexible, is lighter than a lithium battery employing a metal can, can 
be formed in a small thickness and reduces space necessary for containing a battery. The battery packaging laminated 
structure of the present invention has a high barrier property, is capable of maintaining the barrier property for a long 
time and is excellent in heat resistance, cold resistance and chemicals unsusceptibiity. 

Second Embodiment 

[0193] Packaging laminated structures in a second embodiment according to the present invention will be 
described as applied to battery packages for packaging lithium battery modules. However, the packaging laminated 
structures according to the present invention are applicable to packages for packaging foodstuffs and medicinal sup- 
plies. 

[0194] Fig. 7(a) is a typical sectional view of a packaging laminated structure of basic construction, Fig. 7(b) is a 
typical sectional view of a packaging laminated structure of another basic construction, Fig. 7(c) is a perspective view 
of a lithium battery, Fig. 7(d) is a sectional view taken on line X r X 1 in Fig. 7(c) and Fig. 7(e) is an enlarged sectional 
view taken on line X 2 -X 2 in Fig. 7(c). Fig. 8(a) is a typical sectional view of another packaging laminated structure 
according to the present invention of basic construction, Fig. 8(b) is a perspective view of a lithium battery, Fig. 8(c) is 
a perspective view of a lithium battery employing an embossed battery package and Fig. 8(d) is a sectional view taken 
on line X 3 -X 3 in Fig. 8(c). Figs. 9(a) and 9(b) are plan views of lithium batteries employing battery pouches according 
to the present invention, respectively, and Figs. 9(a') and 9(b') are sectional views taken on line X 3 -X 3 in Fig. 9(a) and 
taken on lines X 4 -X 4 in Fig. 9(b), respectively. 

[0195] The inventors of the present invention found through the earnest study of problems to be solved by tne 
present invention that the problems can be solved by multilayer packaging laminated structures which are laminated,- 
structures formed from the following materials and have made the present invention. As shown in Figs. 7(c) and 7(d), a, 
lithium battery 1 is formed by sealing a lithium battery module 2 having terminals 3 in a pillow-type battery package(bat- 
tery pouch) 4 having sealed peripheral parts 5 with the terminals 3 partly extending outside the battery package 4. Basi- 
cally, a lithium battery packaging laminated structure (laminated structure) 1 0 for forming the battery package 4 has an 
outermost layer 1 1 , a moisture barrier layer 12 and an innermost layer 12 as shown in Fig. 7(a). Those component lay-, 
ers are formed of the following materials. " 
[0196] Packaging laminated structures of the present invention are worked to form pouches as shown in Fig. 7(c) 
and embossed cases as shown in Fig. 8(b). Figs. 9(a) and 9(a') show a three-sided seal pouch and Figs. 9(b) and 9(b') 
show four-sided seal pouch. Figs. 9(b) and 9(b') show a four-sided seal pouch. 

[01 97] The outermost layer 1 1 is formed of an oriented polyester resin or an oriented nylon resin. Possible polyester 
resins are polyethylene terephthalate, polybutylene terephthalate, polyethylene naphthalate, polybutylene naphthalate 
and polycarbonate. Possible nylon resins include polyamide resins, such as nylon 6 and nylon 66. The outermost layer 
1 1 includes at least one oriented polyester or oriented nylon film of a thickness of 6 ^m or above, preferably, in the range 
of 12 to 25 jam. When the packaging laminated structure is employed in a lithium battery, the outermost layer 1 1 comes 
into direct contact with a device (hardware). Therefore, it is desirable to form the outermost layer 11 of an insulating 
resin. Since a film forming the outermost layer 1 1 has pinholes and pinholes will be formed in the film during working, 
the thickness of the outermost layer 1 1 must be 6 ^im or above, preferably, the thickness of the outermost layer 1 1 is in 
the range of 12 to 25 urn. The outermost layer 1 1 may be formed from a laminated film in view of providing the outer- 
most layer 11 with a high pinhole-resistant property and an improved insulating ability. Preferably, the outermost layer 
1 1 includes at least one resin layer consisting of two or more sublayers each having a thickness of 6 urn or above, pref- 
erably, in the range of 1 2 to 25 )im. The following multilayer structures 1 ) to 6) are examples of multilayer outermost lay- 
ers 11. 

1) Oriented polyethylene terephthalate film/Oriented nylon film 

2) Oriented polyethylene terephthalate film/Polyethylene film 

It is preferable to form the outermost layer in multilayer construction or to coat the surface of the outermost 
layer with a layer of a fluorocarbon resin or a silicone resin to improve the mechanical properties of the packaging 
laminated structure (stability in movement on packaging machines and processing machines) and to reduce friction 
between the outermost layer and a die when the packaging laminated structure is subjected to a forming process 
using the die to form embossed cases. 
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3) Fluorocarbon resin film/Oriented polyethylene terephthalate film (The fluorocarbon resin film is bonded to the ori- 
ented polyethylene terephthalate film or is formed on the oriented polyethylene terephthalate film by spreading a 
liquid fluorocarbon resin over the surface of the oriented polyethylene terephthalate film and drying the same.) 

4) Silicone resin film/Oriented polyethylene terephthalate film (The silicone resin film is bonded to the oriented pol- 
yethylene terephthalate film or is formed on the oriented polyethylene terephthalate film by spreading a liquid sili- 
cone resin over the surface of the oriented polyethylene terephthalate film and drying the same.) 

5) Fluorocarbon resin film/Oriented polyethylene terephthalate film/Oriented nylon film 

6) Silicone resin film/Oriented polyethylene terephthalate film/Oriented nylon film 

[0198] Adhesive layers for laminating the component sublayers of the outermost layer 1 1 are formed of polyester 
resins, polyether resins, urethane resins, pofyether-urethane resins, polyester-urethane resins, isocyanate, polyolefin 
resins, polyethylene-imine resins, cyanoacrylate resins, organotitanium compounds, epoxy resins, imide resins, silicone 
resins, mixtures of some of those resins and derivatives of those resins. 

[0199] The barrier layer 12 prevents the penetration of moisture and gases into packaging pouches. The barrier 
layer 12 is formed of a flexible metal, preferably, of a soft aluminum having an iron content in the range of 0.3 to 9.0%. 
[0200] Aluminum foils as a packaging laminated structure having a barrier property are used for forming a lami- 
nated film in combination with films of other materials. Aluminum, as compared with other metals, is relatively suscep- 
tible to the corrosive action of organic solvents, acids and alkalis. The active materials and polyelectrolytes of most 
lithium battery modules contain an organic solvent, such as ethylene carbonate, propylene carbonate, diethyl carbon- 
ate, dimethyl carbonate or acetone. Hydrogen fluoride (HF), a strong acid, is produced by the interaction of water and 
a lithium salt contained in the polyelectrolyte. When the surface of an aluminum foil is corroded by such organic solvents 
and acids, adhesive strength between the aluminum foil and an innermost layer or an intermediate layer decreases and 
the laminated packaging laminated structure is delaminated and the functions of the packaging laminated structure are 
lost. 

[0201] The inventors of the present invention have found that the corrosion of the surface of an aluminum foil can 
be prevented by coating the aluminum foil with an acid-resistant, solvent-resistant resin layer (hereinafter referred to as 
"protective layer 15"). It was also found that the protective layer 15 unexpectedly is effective in bonding the intermediate 
layer 13 to the aluminum foil as well as effective in protecting the surface of the aluminum foil. According to the present 
invention, suitable materials for forming the protective layer 15 coating the aluminum foil are resins including unsatu- 
rated graft polyolefin resins (POa), copolyester resins (Co-PET), such as polyethylene terephthalate resins and poly- 
butylene terephthalate resins, ionomers (lo), ethylene-vinyl acetate copolymers (EVA), ethylene-acrylate copolymers, 
ethylene-methacrylate copolymers (EMA), polyether-urethane resins (PeU) and derivatives of those resins. The protec- 
tive layer 1 5 may contain 30% or above of at least one of those resins and the derivatives. 

[0202] According to the present invention, an intermediate layer 13 may be sandwiched between the barrier layer 
12 and the innermost layer. The intermediate layer 13 protects the barrier layer 12 and prevents contact (short circuit) 
between the terminals 3 and the barrier layer 12 of aluminum due to the thinning of the innermost layer 14, i.e., a heat- 
adhesive layer, by heat and pressure applied thereto in a heat-sealing process for forming a pouch. The intermediate 
layer 13 stabilizes the environmental capabilities of the battery. The intermediate layer 13 has a thickness of 1 0 urn or 
above and a melting point of 80 °C or above. Preferably, the intermediate layer 13 includes at least one film having a 
thickness in the range of 1 2 to 25 jum and formed of a polyester resin, a polyolefin resin or a fluorocarbon resin. 
[0203] The intermediate layer 13 may be formed in a multilayer structure to provide the same with an enhanced 
function. A multilayer structure as the intermediate layer 1 3 may be formed by a coextrusion process or a dry lamination 
process. For example, each of the component sublayers of an intermediate layer 1 3 consisting of two or more sublayers 
and formed by a coextrusion process has a thickness in the range of 10 to 100 urn, preferably, in the range of 15 to 25 
Hin. The following multilayer structures 1) to 9) are examples of intermediate layers 13 formed by coextrusion. 

1) PEA/HD 

2) PEA/PP (melting point: 120 °C or above, preferably, 135 °C or above) 

3) PMa/TPX (melting point: 120 °C or above, preferably, 135 °C or above), HD or PP 

4) PEA or PPA/PMa (two layers) 

5) PEA or PPA/PMa/PEA or PPA (three layers) 

6) PEA or PPA/PMa/PMa (three layers) 

7) PEA or PPA/PMa/TPX/PMa (four layers) 

8) PEA or PPA /PMa/TPX/PMa/PEA or PPA (five layers)' 

9) PEA or PPA/PMa/PEA or PPA (three layers) 

[0204] The following multilayer structures 1 ) to 9) are examples of intermediate layers 1 3 formed by dry lamination. 
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1) Sublayer 1 (layer of PEA, PPA or PMa)/HD 

2) Sublayer 1/PP (melting point: 120 °C or above, preferably 135 °C or above) 

3) Sublayer 1/TPX 

. 4) Sublayer 1/PMa (melting point: 1 35°C or above, Vicat softening point: 1 10 °C or above). 

5) Sublayer 1 /Oriented polyethylene terephthalate 

6) Sublayer 1 /Polybutylene terephthalate 

7) Sublayer 1 /Polyethylene naphthalate 

8) Sublayer 1/Fluorocarbon 

9) PEA, PPA or PMa/HD, PR TPX, PMa, oriented polyethylene terephthalate, polybutylene terephthalate, polyeth- 
ylene naphthalate or fluorocarbon/PEA, PPA or PMa 

Possible adhesives for bonding together the component sublayers of the foregoing intermediate layers 13 are pol- 
yether-urethane adhesives, polyester-urethane adhesives, isocyanate adhesives, polyolefin adhesives, polyethyl- 
ene-imine adhesives, cyanoacryiate adhesives, organotitanium compounds, epoxy adhesives, imide adhesives 
and silicone adhesives. 

[0205] The polyester resins for forming the intermediate layer 13 may include polyethylene terephthalate copoly- 
mers and polybutylene terephthalate copolymers. 

[0206] The innermost layer 1 4 of the lithium battery packaging laminated structure must be capable of being united 
with another innermost layer 14 by heat-sealing, of being bonded to metals, such as the terminals 3, as shown in Fig. 
7(3) and of withstanding quality deteriorating actions of a lithium battery module packaged by the lithium battery pack- 
aging laminated structure. Materials satisfactorily meeting such requirements are films having a thickness of 10 ^im or 
above, preferably, in the range of 50 to 100 >im, a melting point of 80 °C or above and a vicat softening point of 70 °C 
or above and formed of any one of unsaturated graft polyolefin resins including unsaturated graft polyethylene resins, 
unsaturated graft polypropylene resins and unsaturated graft poly(methyl pentene) resins. 

[0207] The unsaturated graft polyolefin resins are satisfactory in heat resistance, cold resistance and workability. 
[0208] When the thickness of the innermost layer 1 4 is less than 20 portions of the package corresponding to 
the terminals 3 cannot be satisfactorily heat-sealed and the package loses the barrier property to inhibit the penetration 
of external moisture into the package. Innermost layers 14 of a material having an excessively low melting point andean 
excessively low Vicat softening point are not heat-resistant and not cold-resistant, adhesive strength between the inner- 
most layers 14 and the terminals 3 are low and the package may break. The adhesive strength between heat-sealed 
innermost layers 1 4 does not increase even if the thickness of the innermost layers 1 4 is increased beyond 1 00 urn and 
the thickness of the laminated structure increases and a package formed from the laminated structure needs an 
increased space for installation if the thickness of the innermost layer 14 is increased. Although the foregoing unsatu- 
rated^ polymers may be individually used, a material produced by blending some of those unsaturated graft poly- 
mers have satisfactory properties. 

[0209] Sometimes, a tray-type embossed case as shown in Fig. 8(b) is formed from the packaging laminated struc- 
ture according to the present invention. The embossed case has a container 6 having an embossed part 8 and a flange 
9, and a cover 7 to be bonded hermetically to the flange 9. Basically, the container 6 is formed from a five-layer lami- 
nated structure as shown in Fig. 8(a). A polyester resin forming the outermost layer 1 1 and/or the intermediate layer 13 
is a polyethylene terephthalate copolymer or a polybutylene terephthalate copolymer. It is preferable that the film form- 
ing the outermost layer 1 1 and/or the intermediate layer 13 is oriented at a low draw ratio. When such a copolymer is 
used, the container 6 can be formed in a rectilinear shape. Since the cover 7 to be attached to the container 6 is not 
embossed, the outermost layer 1 1 and/or the intermediate layer 13 of a packaging laminated structure for forming the 
cover 7 need not be the copolymer film. 

[0210] There is the possibility that the surface of the aluminum foil forming the battier layer 1 2 is corroded by an acid 
produced by the interaction of the electrolyte of the lithium battery and moisture and the intermediate layer 13 comes 
off the barrier layer 12. It was found through studies made to prevent the corrosion of the aluminum foil that the alumi- 
num foil can be protected from corrosion by coating the aluminum foil beforehand with a coating of a heat-resistant, 
cold-resistant material that can be processed by secondary processing or with a protective layer 15 formed by spread- 
ing a molten resin over the surface of the aluminum foil. The coating and the protective layer 1 5 may be used individu- 
ally, may be modified or may be used in combination. The aluminum foil may be coated with a plurality of coatings when 
necessary. 

[0211] The protective layer 1 5 may be a film having a thickness in the range of 0.5 to 50 ^im, preferably, in the range 
of 1 to 30 jim, a melting point of 80 °C or above and a Vicat softening point of 70 °C or above formed between the barrier 
layer 12 and the intermediate layer 13 or between the barrier layer 12 and the innermost layer 14. The protective layer 
may be formed of any one of unsaturated graft polyolefin resins including unsaturated graft polyethylene resins, unsatu- 
rated graft polypropylene resins and unsaturated graft poly(methyl pentene) resins. A protective layer 15 of an unsatu- 
rated graft polyolefin resin may be formed on a surface of the barrier layer 12 on the side of the innermost layer 14 by 
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extrusion coating or by laminating an unsaturated graft polyolefin resin film to the same surface of the barrier layer 12 
by dry lamination or thermal lamination. 

[0212] The protective layer 1 5 may be formed by forming a coat of a thickness in the range of 0.5 to 1 0 jim, prefer- 
ably, in the range of 1 to 30 jim of a resin containing 30% or above of at least one of epoxy resins, polyimide resins, 
unsaturated polyester resins, alkyd resins, phenolic resins, thermosetting acrylic resins, pofyamide resins, fluorocarbon 
resins, unsaturated graft polyolefin resins, polyethylene terephthalate copolymers, pofybutylene terephthalate poly- 
mers, polyester-ethyiene vinyl acetate copolymers, polyester-polystyrene copolymers, ionomers, copolymers of ethyl- 
ene and acrylic acid derivatives, and copolymers of ethylene and methacrylic acid derivatives on a surface of the barrier 
layer 12 on the side of the innermost layer 14, and curing the coat at 150 °C for 10 s or longer. A film as a protective 
layer 1 5 having a thickness in the range of 0.5 to 50 u.m, preferably, in the range of 1 to 30 u.m and formed of a material 
containing 30% or above of at least one of epoxy resins, polyimide resins, unsaturated polyester resins, fluorocarbon 
resins, unsaturated graft polyolefin resins, polyethylene terephthalate copolymers, polybutylene terephthalate copoly- 
mers, polyester-ethyiene vinyl acetate copolymers, polyester-polystyrene copolymers, ionomers, copolymers of ethyl- 
ene and acrylic acid derivatives, and copolymers of ethylene and methacrylic acid derivatives may be laminated to the 
barrier layer 12 by dry lamination. The protective layer 15 may be bonded to the barrier layer 12 with a film having a 
thickness in the range of 1 to 10 jim and formed of one of polyether-urethane resins, polyester-urethane resins, isocy- 
anate resins, polyolefin resins, polyethylene-imine resins, cyanoacrylate resins, organotitanium compounds, epoxy res- 
ins, imide resins and silicone resins. A protective layer 15 having a thickness in the range of 0.5 to 10 ym, preferably, in 
the range of 1 to 30 um and formed of a material containing 30% or above of at least one of epoxy resins, polyimide 
resins, unsaturated polyester resins, alkyd resins, unsaturated graft polyolefin resins, polyethylene terephthalate copol- 
ymers, polybutylene terephthalate polymers, polyester-ethyiene vinyl acetate copolymers, polyester- polystyrene copol- 
ymers, ionomers, copolymers of ethylene and acrylic acid derivatives, and copolymers of ethylene and methacrylic acid 
derivatives may be formed on a surface of the barrier layer 12 on the side of the innermost layer 14, a film having a thick- 
ness in the range of 1 to 50 urn and formed of a resin having a melting point of 80 °C or above and a Vicat softening 
point of 70 °C or above and containing an unsaturated graft polypropylene or a unsaturated graft poly(methyl pentene) 
is sandwiched between the protective layer 15 and the intermediate layer 13 or between the protective layer 15 and the 
innermost layer 14, and the protective layer 15, the intermediate layer 13 and the film sandwiched between the protec- 
tive layer 15 and the intermediate layer, or the protective layer 15, the innermost layer 14 and the film sandwiched 
between the protective layer 15 and the innermost layer 14 are laminated by thermal lamination. Thus, the adhesive 
strength between the barrier layer 12 (more precisely, the protective layer 15) and the intermediate layer 13m, and the 
heat resistance and cold resistance of the laminated structure can be enhanced, and the delamination of the laminated 
structure during secondary processing can be prevented. 

[0213] A silane coupling layer may be formed between the barrier layer 12 and the protective layer 15 to enhance 
the adhesive strength between the barrier layer 1 2 and the protective layer 15. 

[0214] When fabricating the packaging laminated structure according to the present invention, the protective layer 
15, and the intermediate layer 13 or the innermost layer 14, and the intermediate layer 13 and the innermost layer can 
be laminated by dry lamination using a bonding layer 26. 

[0215] The bonding layer 26 having a thickness in the range of 1 0 to 50 jim, preferably in the range of 1 5 to 25 jam 
and formed of an unsaturated graft olefin, such as an unsaturated graft polyethylene, an unsaturated graft polypropyl- 
ene or an unsaturated graft poly(methy) pentene) may be formed by extrusion between the innermost layer 14 or the 
intermediate layer 13, and the barrier layer 12 or the protective layer 15 for sandwich lamination. Bonding films that 
serve as the bonding layer 26 may be sandwiched between the barrier layer 12 and the intermediate layer 13 and 
between the intermediate layer 13 and the innermost layer 14, and the barrier layer 12, the intermediate layer 13 and 
the innermost layer 14 may be laminated sequentially by dry lamination. 

[0216] To improve and stabilize the film forming property, laminating property and secondary processing property 
(forming and bonding) of the component layers of the battery packaging laminated structure, i.e., the laminated struc- 
ture, according to the present invention, the component layers may be subjected to a surface activating or inactivating 
process, such as a corona discharge process, a blasting process, an oxidizing process or an ozonation process, or at 
least one of organic and inorganic metal additives including a desiccant, a moisture-absorbent agent, a wetting agent, 
a gas-impermeable and gas-adsorbent agent, a flame retarder, an antistatic agent, such as carbon, a surface-active 
agent or an inorganic oxide, a conductive material and an electromagnetic shielding material may be added to the com- 
ponent layers or a liquid containing at least one of those materials may be applied in a coat to the component layers. 
[0217] When fabricating the lithium battery packaging laminated structure according to the present invention films 
that serve as the component layers of the lithium battery packaging laminated structure may be formed by a T-die extru- 
sion process, a tubular film extrusion process or a coextrusion process, and the films may be laminated by coating, 
evaporation, ultraviolet curing, electron beam curing, dry lamination, extrusion coating, coextrusion lamination, or ther- 
mal lamination using bonding layers 26a. The following are three representative laminating methods. 
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(1) A method that laminates the outermost layer 1 1 and the barrier layer 12 to form a first substructure, laminates 
the intermediate layer 13 and the innermost layer 14 to form a second substructure, and laminates the first and the 
second substructures by thermal lamination. 

2) A method that laminates the outermost layer 1 1 and the barrier layer 12 to form a first substructure and laminates 
part of the intermediate layer 1 3 and the innermost layer 1 4 to form a second substructure or forms only the outer- 
most layer 1 1 , and carries out extrusion coating (or coextrusion) using the intermediate layer 13. When necessary, 
the laminated structure is subjected to a thermal lamination process. 

3) A method that laminates the outermost layer 1 1 , the barrier layer 12 and the innermost layer 14 by dry lamina- 
tion. 

[0218] The packaging laminated structure according to the present invention can be used not only for forming pack- 
ages for packaging lithium battery modules but also for forming general-purpose pouches and laminated tubes. 

Examples 

[0219] Laminated structures according to the present invention were fabricated and pouches and embossed cases 
were formed from the laminated structures. The quality and performance of the laminated structures, the pouches and 
the embossed cases were evaluated. 

[0220] Appearance of lithium batteries having packages formed from packaging laminated structures in examples 
and comparative examples was examined, the packages were searched for pinholes, sections of sealed parts including 
terminals of the lithium batteries were inspected for contact between the terminals and the barrier layers. The following 
properties of sample batteries were examined after storing the sample batteries for ten days in an environment (1 ) of 
40 °C and 90% RH and an environment (2) of 60 °C and 85% RH (dry). 

[0221] Moisture impermeability: Moisture contained in the battery was measured by Karl Fischer's method to see 
whether an increase in moisture contained in the battery is 50% or below and the packages were inspected for dom- 
ination. 

1,. Pouch type batteries: Pouches of 30 mm x 60 mm were made, battery modules of 4 mm in thickness having 
nickel terminals of 1 00 |im in thickness were put in the pouches, respectively, and three sides of each pouch includ- 
ing a side through which the terminals extend outside were sealed by heat-sealing. Heat of a temperature of 200 
°C and a pressure of 1 kgf/cm 2 were applied for 1 s to the pouches for heat-sealing to form sealed parts of 10 mm 
in width. 

, Laminated structures of the following construction were fabricated and used for fabricating the pouches of lith- 
ium batteries in Examples 1 to 6 and Comparative examples 1 1 to 13. 

PET1 6/DLyAL20/TL/PEA20/DL7PET1 6/DL7PPA50 

In this symbolic representation, DL and TL denote dry lamination and thermal lamination, respectively. 
Table 2-1 shows properties of aluminum foils and those of laminated structures and pouches formed from those 
laminated structures. 



Table 2-1 





Aluminum foil 


Pinholes 


Laminated structure 




Thickness (urn) 


Iron content (%) 


Laminated 
structure 


Pouch 


Elongation (%) 


Tensile strength 
(N/mm 2 ) 


Example 1 


15 


0.3 


None 


None 


5 


78 


Example 2 


15 


9.0 


None 


None 


8 


102 


Example 3 


20 


0.7 


None 


None 


7 


80 


Example 4 


20 


2.0 


None 


None 


10 


95 


Example 5 


80 


0.3 


None 


None 


17 


105 


Example 6 


80 


9.0 


None 


None 


25 


107 


Comparative 
example 1 1 


12 


0 


1 


2 


4 


65 
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Table 2-1 (continued) 







Aluminum foil 


Pinholes 


Laminated structure 


5 




Thickness (jim) 


Iron content (%) 


Laminated 
structure 


Pouch 


Elongation (%) 


Tensile strength 
(N/mm 2 ) 




Comparative 
example 12 


20 


0.2 


0 


1 


5 


72 


10 


Comparative 
example 13 


12 


2.0 


1 


None 


10 


95 



2. Embossed package type batteries: Embossed packages each having a container of 30 mm x 60 mm x 4 mm 
having a flange of 7 mm in width were made by press forming, battery modules of 4 mm in thickness having nickel 
terminals of 1 00 ujn in thickness were put in the containers of the embossed cases, respectively, and covers were 
15 bonded to the flanges of the containers, respectively, by heat-sealing to seal the battery modules in the embossed 
cases. 

Laminated structures of the following construction: 

CPET1 6/EC/PE20/EC/AljTL/PPA20/DLyCPET1 6/DL/PEA50 

20 

were fabricated and used for fabricating the embossed cases employed in Examples 1 to 6 and Comparative examples 
1 to 4. Table 2-2 shows properties of aluminum foils and those of embossed cases. 



Table 2-2 







Aluminum foil 


Drawing ratio 








Thickness (jim) 


Iron content (%) 


(Depth/length) 


Number of pinholes of 5 
ixm or above in container 


30 


Example 1 


15 


0.3 


1/40 


None 




Example 2 


15 


9.0 


5/40 


None 




Example 3 


20 


0.7 


5/40 


None 


35 


Example 4 


20 


2.0 


5/40 


None 


Example 5 


80 


0.3 


1/20 


None 




Example 6 


80 


9.0 


5/20 


None 




Comparative example 1 


12 


0 


1/40 


2 


40 


Comparative example 2 


20 


0.2 


5/40 


1 




Comparative example 3 


12 


2.0 


5/40 


2 




Comparative example 4 


80 


0 


1/20 


None* 



Although any pinholes were not found, the laminated structure was creased when pressed. 



[0222] Any pinholes were not formed in the embossed cases of the batteries in Examples 1 to 6. Peel strength of 
the bonded parts was 100 g/m 2 or above. The laminated structures forming the embossed cases of Comparative exam- 
ples 1 to 4 had pinholes and pinholes were formed therein when the laminated structures were pressed. 

so [0223] When aluminum foils having an iron content in the range of 0.3 to 2.0%, preferably, in the range of 0.5 to 
1 .2% were used, formation of pinholes in the side walls of the pouches could be prevented, peripheral parts of the lam- 
inated structure were satisfactorily ductile and could be satisfactorily drawn, and the embossed cases could be formed 
in a rectilinear shape. The protective layer covering the surface of the barrier layer on the side of the innermost layer 
prevented the corrosion of the surface of the aluminum foil by an acid or a carbonate solvent and the delamination of 

55 the laminated structure. The laminated structures having an outermost layer or an intermedial layer of a polyethylene 
terephthalate copolymer or polybutylene terephthalate copolymer had satisfactory workability. 
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Third Embodiment 

[0224] Examples of laminated structures in a third embodiment according to the present invention will be described. 
Third embodiment differs from the first embodiment in the construction of laminated structures and is substantially the 
5 same as the first embodiment shown in Figs. 1 to 6. Therefore, the third embodiment will be described with reference 
to Figs. 1 to 6, in which parts like or corresponding to those previously described with reference to Figs. 1 to 6 are 
denoted by the same reference characters and th description thereof will be omitted. 

[0225] An outermost layer 1 1 included in a laminated structure 1 0 according to the present invention is an oriented 
polyester or oriented nylon film. Possible polyester resins for forming the outermost layer 11 are polyethylene tereph- 
w thalate resins, polybutylene terephthalate resins, polyethylene naphthalate resins, poiybutylene naphthalate resins, pol- 
yester copolymers, polycarbonate resins and the like. Possible nylon resins for forming the outermost layer 1 1 are 
polyamide resins including nylon 6, nylon 66, nylon 66-nylon 6 copolymers, nylon 610, polymethaxylilene adipamide 
(MXD6) and the like. 

[0226] When the lithium battery is used on a device (hardware), the outermost layer 1 1 touches the device. There- 
15 fore, it is desirable to form the outermost layer 1 1 of an insulating resin. Since a film forming the outermost layer 1 1 has 
pinholes and pinholes will be formed in the film during working, the thickness of the outermost layer 1 1 must be 6 p.m 
or above, preferably, the thickness of the outermost layer 1 1 is in the range of 12 to 25 \im. 

[0227] The outermost layer 1 1 may be formed from a laminated film in view of providing the outermost layer 1 1 with 
a high pinhole-resistant property and an improved insulating ability. 
20 [0228] Preferably, the outermost layer 1 1 includes at least one resin layer consisting of two or more layers each hav- 
ing a thickness of 6 jim or above, preferably, in the range of 1 2 to 25 *im. The following laminated structures 1) to 6) are 
examples of the outermost layer 1 1 of laminated construction. 

1) Oriented polyethylene terephthalate film/Oriented nylon film 

25 2) Oriented polyethylene terephthalate film/Polyethylene film 

It is preferable to form the outermost layer in multilayer construction or to coat the surface of the outermost 
layer with a layer of a fluorocarbon resin, an acrylic resin or a silicone resin to improve the mechanical properties 
(stability in movement on packaging machines and processing machines) and the protective properties (heat 
resistance and electrolyte resistance) of the packaging laminated structure and to reduce friction between the out- 

30 ermost layer and a die when the packaging laminated structure is subjected to a forming process using the die to 
form embossed cases. 

3) Fluorocarbon resin film/oriented polyethylene terephthalate film 

The fluorocarbon resin film may be a film or a coat formed by spreading a coating liquid containing a fluorocar- 
bon resin in a film and drying the same. 
35 4) Silicone resin film/oriented polyethylene terephthalate film 

The silicone resin film may be a film or a coat formed by spreading a coating liquid containing a silicone resin 
in a film and drying the same. 

5) Fluorocarbon resin film/oriented polyethylene terephthalate resin/oriented nylon resin 

6) Silicone resin/oriented polyethylene terephthalate resin/oriented nylon resin 
40 7) Acrylic resin/oriented nylon resin 

The acrylic resin film may be a film or a coat formed by spreading a coating liquid containing an acrylic resin in 
a film and drying the same. 

[0229] The outermost layer 1 1 is bonded to the barrier layer 1 2 by dry lamination using a bonding film or by extru- 
45 sion coating. 

[0230] The barrier layer 1 2 prevents the penetration of moisture into a lithium battery 1 . To avoid the adverse effect 
of pinholes that may be formed in the barrier layer 1 2, to stabilize the workability (ease of fabricating pouches or form- 
ing) and to provide the barrier layer 1 2 with pinhole resistance, the barrier layer 12 is formed from a foil of a metal, such 
as aluminum or nickel, or a film of an inorganic compound, such as silicon dioxide or alumina. Preferably, the barrier 

so layer 12 is an aluminum foil having a thickness in the range of 15 to 80 jxm. 

[0231] The inventors of the present invention made studies to inhibit the formation of pinholes more effectively and 
to inhibit the formation of cracks in an embossed part of a embossed case for a lithium battery and found that an alu- 
minum foil for forming the barrier layer 12 having an iron content in the range of 0.3 to 9.0%, preferably in the range of 
0.76 to 2.0% is superior in ductility to an aluminum foil not containing iron, and a laminated structure provided with a 

55 barrier layer of such an aluminum foil is less subject to pinhole formation when bent and can be easily embossed to form 
a container having side walls. An aluminum foil having an iron content less than 0.3% has no effect on inhibiting pinhole 
formation and improving formability. An aluminum foil having an iron content exceeding 9.0% is stiff and deteriorates 
the workability of the laminated structure when making pouches. 
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[0232] The flexibility, firmness and hardness of the aluminum foil are dependent on conditions for annealing the alu- 
minum foil formed by cold rolling. It is more preferable to use a flexible, soft aluminum foil processed by annealing than 
to use an unannealed hard aluminum. The flexibility, firmness and hardness of an aluminum foil and annealing condi- 
tions may be selectively determined taking into consideration workability (ease of fabricating pouches or forming). A 
5 slightly or perfectly annealed soft aluminum foil is more desirable than an unannealed hard aluminum foil in view of 
inhibiting pinhole formation and creasing when embossing a laminated structure. 

[0233] The inventors of the present invention found that it is very effective in preventing the dissolution particularly 
of an aluminum oxide film coating the surface of the aluminum foil and the corrosion of the aluminum foil by hydrofluoric 
acid produced by the interaction of the electrolyte of a lithium. battery module and moisture, in improving the adhesive 
w property (wettabiity) of the surface of the aluminum foil and in stabilizing adhesive strength between the aluminum foil 
and the innermost layer to coat the surface of the aluminum foil with an acid-resistant film TR, to finish the surface of 
the aluminum foil by a coupling property improving process and coating the same with a protective layer 15 or to employ 
those techniques in combination for treating the surface of the aluminum foil (Fig. 3). 

[0234] It is preferable to remove oxides and oils from the surface of the aluminum foil by cleaning the surface of the 
15 aluminum foil with an acid solution and an alkali solution. Suitable acids for cleaning are inorganic acids including sul- 
furic acid, hydrochloric acid, nitric acid, phosphoric acid, hydrofluoric acid and chromic acid, and organic acids including 
sulfamine acid, oxalic acid, tartaric acid, citric acid, formic acid, lactic acid, glycolic acid, acetic acid, gluconic acid, suc- 
cinic acid and malic acid. A cleaning liquid can be prepared by mixing one of those acids as a principal component and 
suitable additives. Suitable alkalis for cleaning are hydroxides including sodium hydroxide, carbonates including sodium 
20 carbonate and sodium bicarbonate, phosphates including sodium secondary phosphate and sodium tertiary phos- 
phate, polyphosphates including sodium pyrophosphate, sodium tripolyphosphate and sodium tetrapolyphosphate, and 
silicates including sodium orthosilicate and sodium metasilicate. Although sodium salts are enumerated above, potas- 
sium salts and ammonium salts can be also used. An alkali cleaning liquid can be prepared by mixing one of those alka- 
lis and suitable additives. 

25 [0235] Materials suitable for forming the acid-resistant film TR to be formed over the surface of the aluminum foil 
are phosphates including zinc phosphate, iron phosphate, manganese phosphate, calcium phosphate, chromium phos- 
phate, titanium phosphate, tin phosphate and silica phosphate, chromates including chromium chromate and silica 
chromate, and fluorides including titanium fluoride and zinc fluoride. 

[0236] An adhesive property improving process (hereinafter referred to as "coupling property improving process") 
30 includes a coupling property improving treatment that treats the surface of the aluminum foil with a coupling agent 
and/or a surface roughening treatment. Possible materials for the coupling property improving treatment are silane cou- 
pling agents, organic titanium coupling agents and organic aluminum coupling agents. 

[0237] Organic titanium coupling agents include tetraalkoxy titanium, titanium acylate, titanium chelate or the like. 
The organic aluminum coupling agents include trialkoxy aluminum, aluminum chelate, aluminum acylate or the like. 
35 [0238] Roughening of the surface of the aluminum foil is an effective adhesive property improving process. The s ur- 
face of the aluminum foil is etched and cleaned with an acid solution or an alkali solution to improve the adhesive prop- 
erty of the surface of the aluminum foil by removing aluminum oxide (Al 2 0 3 ) film formed on the surface of the aluminum 
foil, roughening the surface of the aluminum foil, increasing the surface area of the aluminum foil and providing the sur- 
face with an anchoring effect. 

40 [0239] The surface of the barrier layer 12 on the side f the innermost layer 14 may be subjected to an anodizing 
process and a subsequent sealing process using a sulfuric acid solution, an oxalic acid solution, chromic acid solution 
or a phosphoric acid solution to improve the acid resistance of the barrier layer 1 2. 

[0240] The acid resistance and organic solvent resistance of the surface of the barrier layer 12 on the side of the 
innermost layer 14 can be further improved by adding silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, 

45 zinc oxide lead cyanamide, zinc chromate, barium potassium chromate or barium zinc chromate to the surface of the 
barrier layer 1 2 on the side of the innermost layer 1 4, the acid-resistant film TR or interior of the barrier layer 1 2. 
[0241] Silicon dioxide, calcium carbonate, zinc chromate, barium potassium chromate and barium zinc chromate 
are capable of reacting with hydrogen fluoride (HF) produced by the interaction of an electrolyte and moisture to absorb 
and adsorb hydrogen fluoride and of preventing the corrosion of the barrier layer (aluminum foil) by hydrogen fluoride. 

so [0242] A process of forming the acid-resistant film on the surface of the barrier layer 1 2 on the side of the innermost 
layer 14, an adhesive property improving process and a process of forming a layer for absorbing and adsorbing corro- 
sive substances will be described hereinafter. These processes may be individually used or may be used in combina- 
tion. 

[0243] After decreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
55 oxide formed on the same surface, a film containing at least one of silicon dioxide, calcium carbonate, zinc, minium, 
lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate or barium zinc chromate (here- 
inafter referred to as "corrosive substance absorbing film") may be formed over the surface. 

[0244] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
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oxide formed on the same surface, the acid-resistant film may be formed over the sam surface and the corrosive sub- 
stance absorbing film may be formed over the acid-resistant film. 

[0245] After degreasing the surface of the barrier layer 12 on the side of th innermost layer 14 or removing an 
oxide formed on the same surface, the acid-resistant film may be formed on the same surface and at least one of silicon 
5 dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium potassium 
chromate and barium zinc chromate may be added to the acid-resistant film. 

[0246] An acid-resistant film may be formed on the surface of the barrier layer 1 2 on the side of the innermost layer 
1 4 and a corrosive substance absorbing film may be formed over the acid-resistant film. 

[0247] An acid-resistant film may be formed on the surface of the barrier layer 1 2 on the side of the innermost layer 

w 1 4 and at least one of silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide, zinc 
chromate, barium potassium chromate and barium zinc chromate may be added to the acid-resistant film. 
[0248] A film containing at least one of a silane coupling substance, an organic titanium coupling substance and an 
organic aluminum coupling substance, and at least one of silicon dioxide, calcium carbonate, zinc, minium, lead subox- 
ide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and barium zinc chromate may be formed 

15 on the surface of the barrier layer 12 on the side of the innermost layer 14. 

[0249] An acid-resistant film may be formed on the surface of the barrier layer 1 2 on the side of the innermost layer 
14, and a film containing at least one of a silane coupling substance, an organic titanium coupling substance and an 
organic aluminum coupling substance, and at least one of silicon dioxide, calcium carbonate, zinc, minium, lead subox- 
ide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and barium zinc chromate may be formed 

20 over the acid-resistant film. 

[0250] An acid-resistant film may be formed on the surface of the barrier layer 1 2 on the side of the innermost layer 
14, and at least one of a silane coupling substance, an organic titanium coupling substance and an organic aluminum 
coupling substance, and at least one of silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead 
cyanamide; zinc chromate, barium potassium chromate and barium zinc chromate may be added to the acid-resistant 

25 film. 

[0251] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
oxide formed on the surface, a corrosive substance absorbing film may be formed and an acid-resistant film may be 
formed over the corrosive substance absorbing film. - 
[0252] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
30 oxide formed on the surface, an acid-resistant film may be formed on the same surface and a corrosive substance 
absorbing film may be formed over the acid-resistant film. 

[0253] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an - 
oxide formed on the surface, an acid-resistant film may be formed on the same surface and at least one of silicon diox- ■ 
ide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chro- 
35 mate and barium zinc chromate may be added to the acid-resistant film. 

[0254] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
oxide formed on the surface, a coupling film of the coupling substance may be formed on the same surface and a cor- 
rosive substance absorbing film may be formed over the coupling film. 

[0255] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
40 oxide formed on the surface, an acid-resistant film may be formed on the same surface, a coupling film of a coupling 
substance may be formed over the acid-resistant film and a corrosive substance absorbing film may be formed over the 
coupling film. 

[0256] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
oxide formed on the surface, an acid-resistant film may be formed on the same surface and a corrosive substance 

45 absorbing film may be formed over the acid-resistant film. 

[0257] An acid-resistant film may be formed on the surface of the barrier layer 1 2 on the side of the innermost layer 
14, and a film containing at least one of a silane coupling substance, an organic titanium coupling substance and an 
organic aluminum coupling substance, and at least one of silicon dioxide, calcium carbonate, zinc, minium, lead subox- 
ide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and barium zinc chromate may be formed 

so over the acid-resistant film. 

[0258] An acid-resistant film may be formed on the surface of the barrier layer 1 2 on the side of the innermost layer 
14, at least one of a silane coupling substance, an organic titanium coupling substance and an organic aluminum cou- 
pling substance may be added to the acid-resistant film, and a film containing at least one of silicon dioxide, calcium 
carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and 

55 barium zinc chromate may be formed over the acid-resistant film. 

[0259] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
oxide formed on the surface, an acid-resistant film may be formed on the same surface, and a film containing at least 
one of a silane coupling substance, an organic titanium coupling substance and an organic aluminum coupling sub- 
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stance, and at least one of silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide, 
zinc chromate, barium potassium chromate and barium zinc chromate may be formed over th acid-resistant film. 
[0260] After degreasing the surface of the barrier layer 12 on the side of the innermost layer 14 or removing an 
oxide formed on the surface, and a film including at least one of a phosphate film, a chromate film, a fluoride film and a 
5 triazinethiol compound film and containing at least one of siiicon dioxide, calcium carbonate, zinc, minium, lead subox- 
ide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and barium zinc chromate may be formed 
on the same surface. 

[0261] The protective layer 15 is a resin film to prevent the corrosion of the barrier layer 12 and the deterioration of 
adhesive property by a solvent. The protective layer 15 is formed so as to cover the surface of the barrier layer 12 on 

10 the side of the innermost layer 1 4. The protective layer 1 5 may contain the acid resistance modifier and/or the coupling 
agent. Possible resins for forming the protective layer 15 are epoxy resins, phenolic resins, melamine resins, alkyd res- 
ins, polyimide resins, unsaturated polyester resins, polyurethane resins, unsaturated graft polyolefin resins, copolyester 
resins including polyester terephthalate copolymers and polybutylene terephthalate copolymers, metal ion crossllnked 
polyethylene resins, ethylene-vinyl acetate copolymers, ethylene-acrylate copolymers, ethylene-methacrylate copoly- 

15 mers, poly (ether urethane) resins and resins containing 30% or above of at least one of derivatives of the above resins. 
[0262] The protective layer 15 may contain a film forming phosphate (zinc phosphate, iron phosphate, manganese 
phosphate, calcium phosphate, chromium phosphate, silica phosphate), a film forming fluoride (titanium fluoride, zinc 
fluoride), an adhesive property improving substance for improving the adhesive property of the surface of an aluminum 
foil, i.e., a coupling agent, such as a silane coupling agent, an organic titanium coupling agent or an organic aluminum 

20 coupling agent 

[0263] Addition of silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide, zinc 
chromate, barium potassium chromate or barium zinc chromate to the protective layer 15 is effective in further enhanc- 
ing the chemical resistance and solvent resistance of the protective layer 15. Silicon dioxide, calcium carbonate, zinc, 
minium, lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and barium zinc chro- 
25 mate are capable of reacting with hydrogen fluoride (HF) produced by the interaction of an electrolyte and moisture to 
absorb and adsorb hydrogen fluoride and are effective in preventing the corrosion of the layers, particularly, the corro- 
sion of the barrier layer (aluminum foil) by hydrogen fluoride. 

[0264] The foregoing surface treatment processes may be used in combination to treat the surface of the barrier 
layer 1 2 on the side of the innermost layer 14 of the laminated structure 10 according to the present invention. The fol- 
30 lowing are examples of possible combinations. 

(1) Al foil/surface roughening/acid-resistant film formation 

(2) Al foil/surface roughening/coupling property improving treatment 

(3) Al foil/surface roughening/protective layer formation 

35 (4) Al foil/acid resistance modifying film formation/protective layer formation 

(5) Al foil/acid-resistant film formation/coupling property improving treatment 

(6) Al foil/surface roughening/acid-resistant film formation/protective layer formation 

(7) Al foil/surface roughening/acid-resistant film formation/coupling property improving treatment 

40 [0265] According to the present invention, a second protective layer 15a of a resin, such as an epoxy resin, a phe- 
nolic resin, a meiamine resin, an olefin resin or an unsaturated graft polyolefin resin, not containing the acid resistance 
modifying agent and/or the coupling property improving agent may be formed in addition to the resin layer containing 
the acid resistance modifying agent and/or the coupling property improving agent 
[0266] The following are examples of manners in which the second protective layer 15a are formed. 

45 

(1) Al foil/acid resistance modifying film formation/second protective layer formation 

(2) Al foil/coupling property improving treatment/second protective layer formation 

(3) Al foil/surface roughening/second protective layer formation 

(4) Al foil/surface roughening/protective layer formation/second protective layer formation 
so (5) Al foil/surface roughening/acid-resistant film formation/second protective layer formation 

(6) Al foil/surface roughening/coupling property improving treatment/second protective layer formation 

(7) Al foil/acid resistance modifying film formation/protective layer formation/second protective layer formation 

(8) Al foil/acid-resistant film formation/coupling property improving treatment/second protective layer formation 

(9) Al foil/surface roughening/acid resistance modifying film formation/protective layer formation/second protective 
55 layer formation 

(10) Al foil/surface roughening/acid-resistant film formation/coupling property improving treatment/second protec- 
tive layer formation 

The acid-resistant film formed on the surface of the barrier layer 12 on the side of the innermost layer 14, the pro- 



38 



EP1 102 336 A1 

tective layer the coupling property improving layer and the second protective layer may contain one or some of 
phosphate film forming substances (zinc phosphate, iron phosphate, manganese phosphate, calcium phosphate 
and chromium phosphate), chromate film forming substances (chromium chromate and silica chromate), fluoride 
film forming substances (titanium fluoride and zinc fluoride) and adhesive property improving substances (coupling 
agents- silane coupling agent, organic titanium coupling agent and organic aluminum coupling agent). Addition of 
silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium 
potassium chromate or barium zinc chromate to the layer is effective in further enhancing the chemical resistance 
and solvent resistance of the layer. Silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead 
cyanamide, zinc chromate, barium potassium chromate and barium zinc chromate are capable of reacting with 
hydrogen fluoride (HF) produced by the interaction of an electrolyte and moisture to absorb and adsorb hydrogen 
fluoride and are effective in preventing the corrosion of the layers, particularly, the corrosion of the barrier layer (alu- 
minum foil) by hydrogen fluoride. 

[0267] According to the present invention, an intermediate layer 1 3 may be sandwiched between the barrier layer 
1 2 and the innermost layer 14 or between the protective layer 15 and the innermost layer 14. The intermediate layer 13 
protects the barrier layer 12 and prevents contact (short circuit) between the terminals 3 and the aluminum barrier layer 
12 due to the thinning of the innermost layer 14, i.e., a heat-adhesive layer, by heat and pressure applied thereto in a 
heat-sealing process forforming a pouch. The intermediate layer 13 is added to stabilize the environmental suitability 
(heat resistance and cold resistance) of the lithium battery. Preferably, the intermediate layer 13 includes at least one 
layer of a thickness in the range of 12 to 25 urn formed of a resin having a melting point of 80 °C or above, such as a 
polyester resin, a polyolefin resin, a fluorocarbon resin, a derivative of one of those resins or a resin produced by mixing 

those resins. . t . 

[0268] Possible polyester resins are polyethylene terephthalate resins, polybutylene terephthalate resins, polyeth- 
ylene naphthalate resins, polybutylene naphthalate resins, polycarbonate resins, copolymers of some of those resins 
and derivatives of those resins. 

[0269] Possible polyolefin resins are polypropylene resins, ethylene-propylene copolymers, low-density polyethyl- 
ene resins, medium-density polyethylene resins, high-density polyethylene resins, linear low-density polyethylene res- 
ins ethylene-a-olefin copolymers produced by polymerization using a single-site catalyst, polyethylene resins ,, 
containing metal ions, ethylene-methacrylic acid derivative and ethylene-acrylic acid derivative copolymers, polybutene , 
resins, unsaturated graft polyethylene resins, unsaturated graft polypropylene resins, unsaturated graft poly (methyl 
pentene) resins and derivatives of those resins. 

[0270] Possible fluorocarbon resins are tetrafluoroethylene resins, trifluoroethylene resins, polyvinylidene fluoride , 
resins polyvinyl fluoride resins, ethylene tetrafluoroethylene copolymers, ethylene-chlorofluoroethylene copolymers ■ 
and tetrauluoroethylene-hexafluoropropylene copolymers. Either oriented or unoriented films of those resins may be 

used. _ ... 

[0271 ] The intermediate layer 1 3 may be of single-layer construction or of multilayer construction. For example, the 
intermediate layer 13 may consists of a first intermediate layer 13a and a second intermediate layer 13b. The interme- 
diate layer 13 of multilayer construction may be formed by coextrusion, dry lamination or extrusion lamination. For 
example, when forming the intermediate layer 1 3 by coextrusion, the intermediate layer 1 3 consists of two or more sub- 
layers and each sublayer has a thickness in the range of 10 to 100 |im, preferably, in the range of 15 to 25 urn. 
[0272] The laminated structure for packaging a lithium battery module has an innermost layer 14. The innermost 
layers 1 4 of the laminated structures can be bonded together by heat-sealing. As shown in Fig. 4(e), the innermost layer 
14 can be bonded to the metal terminals 3 by heat-sealing. Experiments showed that the innermost layer 14 formed 
from a film having a thickness of 1 0 nm or above, preferably in the range of 50 to 1 00 pm and formed of a material hav- 
ing a melting point of 80 °C or above and a Vicat softening point of 70 °C is satisfactory. The innermost layer contains 
at least one of unsaturated graft polyolefin resins including unsaturated graft polyethylene resins, unsaturated graft 
polypropylene resins and unsaturated graft poly(methyl pentene) resins, metal ion cross linked polyethylene resins, eth- 
ylene-acrylic acid derivative copolymers, propylene-acrylic acid derivative copolymers, ethylene-methacrylic acid deriv- 
ative copolymers, propylene-methacrylic acid derivative copolymers, derivatives of those polymers. 
[0273] The innermost layer 1 4 may be formed of a polyolefin resin 1 4' that cannot be bonded to metals. When the 
innermost layer 1 4 is formed of the polyolefin resin 14', the terminals 3 are coated with heat-adhesive tabs 1 6 of 15 urn 
or above in thickness formed of an unsaturated graft polyolefin, a metal ion crosslinked polyethylene, an ethylene- 
acrylic acid derivative copolymer, a propylene-acrylic acid derivative copolymer, an ethylene-methacrylic acid derivative 
copotymer or a propylene-methacrylic acid derivative copolymer. The tabs 1 6 and the package can be perfectly bonded 
together to seal the package. More concretely, portions of the terminals 3 of a lithium battery module 2 to be packaged 
in a battery package are sandwiched between heat-adhesive tabs 16 of a width greater than that of the terminals 3 as 
shown in Fig. 4(b), the lithium battery module 2 is put in the battery package, and the battery package is sealed. Fig. 
4(d) is a typical sectional view taken on line X 4 -X 4 in Fig. 4(a). In Fig. 4(d), the outermost layer 1 1 , the barrier layer 12, 
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and the intermediate layer 13 are represented by a single layer. Fig. 4(c) shows a lithium battery module 2 provided with 
terminals 3 having portions wrapped in heat-adhesive tabs 16 to be covered with the battery package. The lithium bat- 
tery module 2 is sealed in a battery package. Fig. 4(e) is a typical sectional view taken on line X 4 -X 4 in Fig. 4(a) when 
the lithium battery module 2 shown in Fig. 4(c) is sealed in the battery package. 
5 [0274] The innermost layer 14 may be a single-layer structure consisting of a single film of the foregoing possible 
resin or a multilayer structure consisting of two or more films of the foregoing possible resins. 
[0275] The unsaturated graft polyolefin resins are satisfactory in adhesion to the terminals 3, heat resistance, cold 
resistance and workability (ease of fabricating pouches or forming). When the thickness of the innermost layer 1 4 is less 
than 20 \im, gaps are formed between the battery package and the terminals 3 and the battery package loses the bar- 
to rier property. The adhesive strength between heat-sealed Innermost layers 14 does not increase even if the thickness 
of the innermost layers is increased beyond 100 ujn and the thickness of the laminated structure increases and a pack- 
age formed from the laminated structure needs an increased space for installation if the thickness of the innermost layer 
14 is increased. 

[0276] Innermost layers 14 of a material having an excessively low melting point and an excessively low Vicat sof- 
ts tening point are not heat-resistant and not cold-resistant, adhesive strength between the innermost layers 14 and the 
terminals 3 are low and the package may be broken. Although the foregoing unsaturated graft polymers may be individ- 
ually used, a material produced by blending some of those unsaturated graft polymers have satisfactory properties. 
[0277] To improve and stabilize the film forming property, laminating property and secondary processing property 
(forming and bonding) of the component layers of the laminated structure 10 according to the present invention, the 
20 component layers may be subjected to a surface activating process, such as a corona discharge process, a blasting 
process, an oxidizing process or an ozonation process. 

[0278] The outermost layer 1 1 , the barrier layer 12, the intermediate layer 13 and the innermost layer 14 of the lam- 
inated structure 10 according to the present invention may be formed and laminated by a T-die extrusion process, a 
tubular film extrusion process or a coextrusion process. When necessary, a secondary film may be formed by a coating 
25 process, an evaporation process, an ultraviolet curing process or an electron beam curing process. 

[0279] The adjacent layers may be bonded together by a dry lamination process, an extrusion coating process, a 
coextrusion lamination process or a thermal lamination process. 

[0280] Possible adhesives for dry lamination are polyester adhesives, polyethylene-imine adhesives, polyether 
adhesives, cyanoacrylate adhesives, urethane adhesives, organic titanium compound adhesives, pofyether-urethane 

30 adhesives, epoxy adhesives, polyester-urethane adhesives, imide adhesives, isocyanate adhesives, polyolefin adhe- 
sives and silicone adhesives. At least one of silicon dioxide, calcium carbonate, zinc, minium, zinc suboxide, zinc oxide, 
lead cyanamide, zinc chromate, barium potassium chromate and barium zinc chromate may be added to the adhesive 
for dry lamination for the further improvement of chemical resistance and organic solvent resistance. Silicon dioxide, 
calcium carbonate, zinc, minium, zinc suboxide, zinc oxide, lead cyanamide, zinc chromate, barium potassium chro- 

35 mate and barium zinc chromate are capable of reacting with hydrogen fluoride (HF) produced by the interaction of an 
electrolyte and moisture to absorb and adsorb the hydrogen fluoride and of preventing the corrosion of the layers, par- 
ticularly the barrier layer (aluminum foil) by hydrogen fluoride. 

[0281] An adhesive film having a thickness of about 1 jim and formed of one of polyester adhesives, polyethylene- 
mime adhesives, polyether adhesives, cyanoacrylate adhesives, urethane adhesives, organic titanium compound 

40 adhesives, pofyether-urethane adhesives, epoxy adhesives, polyester-urethane adhesives, imide adhesives, isocy- 
anate adhesives, polyolefin adhesives, silicone adhesives, derivatives of those adhesives and mixtures of some of 
those adhesives may be used when laminating the adjacent layers by extrusion lamination to stabilize the adhesive 
strength between the layers or the layers may be subjected to an ozonation process for surface activation. 
[0282] An unsaturated graft polyolefin resin used for coextrusion lamination or thermal lamination improves adhe- 

45 sive property and resistance to the adverse effect of the package filler. 

Examples 

[0283] Examples of the foregoing laminated structures according to the present invention for forming pouches and 

so embossed cases will be described hereinafter. 

[0284] The examples used the following adhesives and dry lamination films having the following components. 
[0285] Film sandwiched between the outermost layer and the barrier layer for dry lamination: Takerakku A969V/A- 
5 (Takeda Yakuhin Kogyo K.K.) Adhesive containing polyether resin as a principal component 
[0286] Rim sandwiched between the barrier layer and the intermediate layer for dry lamination: A polyester poly- 

55 urethane resin as a principal component containing a carboxylic acid, such as sebacic acid, isophthalic acid orter ph- 
thalic acid, a glycol, such as ethylene glycol or hexadiol, isocyanate (IPDI) and an epoxy resin containing bisphenol A, 
and an accelerator, such as trimethyiolpropane, a glycol, such as propylene glycol, dipropylene glycol, glycerin or 1 ,3- 
butanediol, isocyanate (TDI) or TDA. 
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[0287] The following symbols (acronyms, initial words and abbreviations) are used in the following description. 
Surface Treatment of Barrier Layer 
5 [0288] 

Tr-w: Degr asing or oxide removal (55 °C, degreasing in NaOH solution for 1 min, pickling using 35% nitric acid 
solution) 

Tr-Cou: Coupling property improvement 
10 Tr-Ac: Phosphate treatment 

Tr-POa: Coating with unsaturated graft polyolefin and baking 

Tr-Co-PAC-cr: Treatment with a chromium phosphate solution containing calcium carbonate 
[0289] Symbols specified in the description of the first embodiment will be used to represent laminated structures. 

15 

Example 1 

[0290] A 20 jxm thick aluminum foil was decreased and oxides formed thereon was removed. A12^m thick biaxially 
oriented poiyesterf ilm was bonded to the aluminum foil by dry lamination using an adhesive film DL-1 to form a laminate 
20 A. A 12 jim thick biaxially oriented polyester film and a 50 urn thick unsaturated graft polypropylene film were laminated 
sequentially to the aluminum foil of the laminate A by dry lamination using an adhesive film DL-2 to obtain a laminated 
structure (1). 

Laminated Structures for Forming Pouches 

25 

Laminated structure (1) 
[0291] 

30 PET12/DL-1/AL20ATr-W/DL-2/PET12/DL-2/PPA50 

4 

Example 2 

[0292] A 20 jim thick aluminum foil was decreased and oxides formed thereon was removed, the aluminum foil was 
35 subjected to a phosphate treatment to form an acid-resistant film on the aluminum foil, and a coupling property improv- 
ing film was formed on the acid-resistant film. A 12 jim thick biaxially oriented polyester film was laminated to the sur- 
face of the aluminum foil coated with the coupling property improving film with an adhesive film DL-1 to form a laminate 
A. A 20 jun thick unsaturated graft polypropylene film, a 12 jim thick biaxially oriented polyester film and a 50 jum thick 
unsaturated graft polypropylene film were laminated by dry lamination using adhesive films DL-1 to obtain a laminate 
40 B. The 20 jim thick unsaturated graft polypropylene film of the laminate B was bonded to the aluminum foil of the lami- 
nate A by a thermal lamination process to obtain a laminated structure (2). Conditions for the thermal lamination proc- 
ess were temperature: 220 °C, pressure: 0.3 MPa and line speed: 20 m/min. 

Laminated structure (2) 

45 

[0293] 

PET12/DL-1/AL20yTr-AcA"r-Cou/TL/PPA20/DL-2/PET12/DL-2/PPA50 
so Example 3 

[0294] A 20 jim thick aluminum foil was decreased, oxides formed thereon was removed and the aluminum foil was 
subjected to a chromate treatment to form an acid-resistant film on the aluminum foil. A 12 jim thick biaxially oriented 
polyester film was laminated to a surface of the aluminum foil by dry lamination using an adhesive film DL-1 to form a 
55 laminate A. A protective layer of an epoxy resin was formed on the other surface of the aluminum foil. A coextruded film 
of a random polypropylene film and a homopolypropylene film was formed by coextrusion, and the random polypropyl- 
ene film of the coextruded film was bonded to the protective layer of the laminate A by dry lamination using an adhesive 
film DL-2 to obtain a laminated structure (3). 
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Laminated structure (3) 
[0295] 

5 PET12^)L-1/AL20/Tr-Cr/P-EP/DL-2/PR5/PH25 
Laminated Structures for Forming Embossed Packages 
Example 4 

10 

[0296] A 50 urn thick aluminum foil was decreased, oxides formed thereon was removed, unsaturated graft polyole- 
fin coatings are formed on the opposite surfaces of the aluminum foil and the unsaturated graft polyolefin coatings are 
baked. A 12 urn thick biaxially oriented polyester film was laminated to one of the surfaces of the aluminum foil and a 
52 urn thick biaxially oriented polyester film was laminated to the 12 *im thick biaxially oriented polyester film by dry lam- 
1$ ination using adhesive films DL-1 to obtain a laminate A. A 1 6 urn thick polyester film was laminated to the other surface 
of the aluminum foil of the laminate A and a50 |im thick unsaturated graft polyethylene film was laminated to the 16 |xm 
thick polyester film by dry lamination using adhesive layers DL-2 to obtain a laminated structure (4). 

Laminated structure (4) 

20 

[0297] 

PET1 2/DL-1/NY1 5/DL-1/AL20/Tr-POa/DL-2/PET1 6/DL-2/PEA50 
25 Example 5 

[0298] A 50 jim thick aluminum foil was decreased and oxides formed thereon was removed, the aluminum foil was 
subjected to a phosphate treatment to form an acid-resistant film on the aluminum foil. A 5 urn thick unsaturated graft 
polyethylene film was formed on the surface of the acid-resistant film formed on one of the surfaces of the aluminum foil 

30 by a coating method. A 15 thick biaxially oriented nylon film was laminated to the other surface of the aluminum foil 
and a 12 jim thick biaxially oriented polyester film was laminated to the 1 5 \im thick biaxially oriented nylon film by dry 
lamination using adhesive films DL-1 to obtain a laminate A. A 16 \xm thick biaxially oriented copolyester film and a 50 
Urn thick unsaturated graft polyethylene film were laminated by dry lamination using an adhesive film DL-2 to obtain a 
laminate B. The surface of the aluminum foil of the laminated A and the 1 6 urn thick biaxially oriented copolyester film 

35 of the laminate B were bonded together by an extrusion coating method (EC method) using a 20 urn thick polyethylene 
film to obtain a laminated structure (5) 

Laminated structure (5) 

40 [0299] 

PET1 2/DL-1/NY15/DL-1/AL50/Tr-Ac/PEA5/PE20/PET1 6/DL-2/PEA50 
Example 6 

45 

[0300] A 50 jim thick aluminum foil was decreased and oxides formed thereon was removed, the aluminum foil was 
subjected to a surface treatment using a chromium phosphate containing calcium carbonate to form an acid-resistant 
film on the aluminum foil. A 12 pm thick biaxially oriented polyester film was laminated to one of the surfaces of the alu- 
minum foil and a 15 urn thick biaxially oriented NY film was laminated to the 12 jim thick biaxially oriented polyester film 
so by dry lamination using adhesive films DL-1 to obtain a laminate A. A coextruded film of a random polypropylene film 
and a homopolypropylene film was formed by coextrusion. The random polypropylene film of the coextruded film was 
bonded to the aluminum foil of the laminate A by dry lamination using an adhesive layer DL-2 to obtain a laminated 
structure (6). 

55 
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Laminated structure (6) 
[0301] 

5 PET1 2/DL-1/NY1 5/DL-1/AL50/Tr-Co-PAc-cr/DL-2/PR5//PH25 , 

[0302] Lithium battery packages were fabricated from the laminated structures (1) to (6) and lithium battery mod- 
ules were sealed in the lithium battery packages to obtain sample lithium batteries. The sample lithium batteries were 
subjected to tests. The laminated structures met requirements for lithium battery packages satisfactorily. 
w [0303] The laminated structures of the present Invention and the lithium battery packages formed from those lami- 
nated structures were effective in preventing the corrosion of the surface of the barrier layer on the side of the innermost 
layer and the delamination of the laminated structure by hydrofluoric acid. The lithium battery packages were excellent 
in barrier property, capable of maintaining satisfactory barrier property for a long time and excellent in heat resistance, 
cold resistance, resistance to the adverse effect of the package filler and the like. 

15 

Fourth Embodiment 

[0304] A fourth embodiment of the present invention will be described hereinafter. The fourth embodiment is sub- 
stantially the same as the second embodiment Illustrated in Figs. 7 to 9, except that laminated structures in the fourth 
20 embodiment are different from those in the second embodiment only in construction. Therefore, the fourth embodiment 
will be described with reference to Figs. 7 to 9, in which parts like or corresponding to those of the second embodiment 
are denoted by the same reference characters and the description thereof will be omitted. 

[0305] Referring to Figs. 7(a) to 7(e), a barrier layer 1 2 inhibits the penetration of moisture into a lithium battery 1 . 
To avoid the adverse effect of pinholes that may be formed in the barrier layer 12, to stabilize the workability (ease of 

25 fabricating pouches or forming) and to provide the barrier layer 1 2 with pinhole resistance, the barrier layer 1 2 is formed 
from a foil of a metal, such as aluminum or nickel, or a film of an inorganic compound, such as silicon dioxide or alumina. 
Preferably, the barrier layer 12 is a soft aluminum foil having a thickness in the range of 20 to 80 urn. 
[0306] :The inventors of the present invention made studies to inhibit the formation of pinholes more effectively and* 
to inhibit the formation of cracks in an embossed part of a embossed case for a lithium battery and found that an alu-v 

30 minum foil for forming the barrier layer 1 2 having an iron content in the range of 0,3 to 9,0% is superior in ductility to an n 
aluminum foil not containing iron, and a laminated structure provided with a barrier layer of such an aluminum foil is less- 
subject to pinhole formation when bent and can be easily embossed to form a container having side walls. An aluminum , 
foil having^an iron content less than 0.3% has no effect on inhibiting pinhole formation and improving formability. An alu- r 
minum foil tiaving an iron content exceeding 9.0% is stiff and deteriorates the workability of the laminated structure 

35 when making pouches. 

[0307] Aluminum foils as a packaging laminated structure having a barrier properly are used for forming a lami- 
nated film in combination with films of other materials. Aluminum, as compared with other metals, is relatively suscep- 
tible to the corrosive action of organic solvents, acids and alkalis. The active materials and polyelectrolytes of most 
lithium battery modules contain an organic solvent, such as ethylene carbonate, propylene carbonate, diethyl carbon- 
40 ate, dimethyl carbonate or acetone. Hydrogen fluoride (HF), a strong acid, is produced by the interaction of water and 
a lithium salt contained in the polyelectrolyte. When the surface of an aluminum foil is corroded by such organic solvents 
and acids, adhesive strength between the aluminum foil and an innermost layer or an intermediate layer decreases and 
the laminated packaging laminated structure is deiaminated and the functions of the packaging laminated structure are 
lost. 

45 [0308] The inventors of the present invention have found that the corrosion of the surface of an aluminum foil can 
be prevented by coating the aluminum foil with an acid-resistant, solvent-resistant resin layer (hereinafter referred to as 
"protective layer 15") as shown in Fig. 7(b). It was also found that the protective layer 15 unexpectedly is adhesive to 
the intermediate layer 13 as well as effective in protecting the surface of the aluminum foil. 

[0309] According to the present invention, suitable materials for forming the protective layer 15 coating the alumi- 
so num foil are resins containing 30% or above of at least one of epoxy resins (EP), phenolic resins (FN), melamine resins 
(MR), alkyd resins (AK), polyimide resins (PI), Unsaturated polyesters (U-PET), polyurethane resins (PU), unsaturated 
graft polyolefin resins (POa), copolyester resins (CPET), such as polyethylene terephthalate copolymers and polybuty- 
lene terephthalate copolymers, ionomers (lo), ethylene-vinyl acetate copolymers (EVA), copolymers of ethylene and 
acrylic acid and those of ethylene and methacrylic acid (FMA), polyether-urethane resins (PeU), and derivatives of 
55 those resins. 

[0310] An example of a lithium battery packaging laminated structure has the following construction. 
PET12 /D5/AL20/H/D5/PP1 00 
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where D 5 stands for a dry lamination film of a polyester-urethane adhesive, H stands for a protective layer and PP 
stands for polypropylene film. 

[0311] The protective layer H formed on a surface of the aluminum foil AL may be a singl layer, a laminated layer 
consisting of a multiple sublayers or a layer of a blended material. 
5 [0312] Possible materials for forming a single-layer protective layer 15 are EP resins, FN resins, MR resins, PI res- 
ins, AK resins, UPET resins U-PET RESINS, PU resins, PEU resins, PeU resins and POa resins. 
[0313] The following are possible multilayer protective layers. 

EMA/EC/EMA, lo/EC/lo, EVA/EC/EVA, POa/TL, EP/POa/EC, EP/E AM/EC/EM A, PI/CPET, U-PET/lo, 
10 PU/EVA/EC/EVA and POa/EP/POa/EC 

[0314] The following are possible blended resins for forming the protective layer 15. 

EP+FN, EP+CPET, EP+POa/TL, EP+MR+CPET, PU+CPET and EP+MR+FN. 

15 

[031 5] The following are multilayer protective layers 1 5 including a sublayer of a blended resin. 

EP+MR/POa/TL, EP+CPET/E AM/EC, EP+CPET/EAM, EP+CPET/POa/EC and EP+FN/PU+CPET. 

20 [0316] The protective layer 15 may be formed of any one of the following blends each prepared by blending some 
of the foregoing resins and an adhesive for laminating the component layers. 

EP+PEU, EP+PaU, EP+MR+PEU and POa+PEU 

25 [031 7] A coupling layer 27 of a silane coupler as a primer may be formed between the barrier layer 1 2 and the pro- 
tective layer 15 as shown in Rg. 7(b). 

[0318] The protective layer 15 may be formed on the barrier layer 12 by a roll coating method, such as a gravure 
coating method, a reverse gravure coating method, a blade coating method or a kiss-roll coating method. A film that 
serves as the protective layer 15 may be extruded through a T-die on the surface of the barrier layer 12 for extrusion 

30 coating. A film that serves as the protective layer may be formed by a tubular film extrusion process, a T-die extrusion 
process or a coextrusion process, and the film may be laminated to the barrier layer 12 by heat bonding. When forming 
the protective layer 15 by a roll coating method ultraviolet curing or electron beam curing may be used. When neces- 
sary, the protective layer 1 5 may be baked at a temperature in the range of 1 50 to 250 °C. A laminated structure formed 
by laminating the component layers may be cured to enhance interlayer adhesive strength. 

35 [031 9] The protective layer 1 5 may be formed by forming a coat of a thickness in the range of 0.5 to 1 0 ujn, prefer- 
ably, in the range of 1 to 30 ujti of a resin containing 30% or above of at least one of epoxy resins, polyimide resins, 
unsaturated polyester resins, aikyd resins, phenolic resins, thermosetting acrylic resins, polyamide resins, fluorocarbon 
resins, unsaturated graft polyolefin resins, polyethylene terephthalate copolymers, polybutylene terephthalate poly- 
mers, polyester-ethylene vinyl acetate copolymers, polyester-polystyrene copolymers, ionomers, copolymers of ethyl- 

40 ene and an acrylic acid derivatives, and copolymers of ethylene and methacrylic acid derivatives on a surface of the 
barrier layer 12 on the side of the innermost layer 14, and curing the coat at 200 °C for 1 0 s or longer. 
[0320] The protective layer 15 and the intermediate layer 13, or the protective layer 15 and the innermost layer 14 
may be bonded together by dry lamination using a dry lamination layer 26. The dry lamination layer 26 may be a film 
having a thickness in the range of 1 to 10 ujn and formed of a polyether-urethane resin, a polyester-urethane resin, an 

45 isocyanate resin, a polyolefin resin, a polyethylene-imine resin, a cyanoacylate resin, an organotitanium compound, an 
epoxy resin, an imide resin or a silicone resin. 

[0321] The protective layer 15 and the intermediate layer 13, or the protective layer 15 and the innermost layer 14 
may be bonded together by thermal lamination using a resin layer having a thickness in the range of 1 to 50 u.m, a melt- 
ing point of 80 °C or above and a Vicat softening point of 70 °C or above, and containing unsaturated graft polypropyl- 
50 ene or unsaturated graft poly(methyl pentene). Adhesive strength between the barrier layer 12 and the intermediate 
layer 13, more precisely, between the protective layer 15 and the intermediate layer 13, is enhanced, the heat resist- 
ance and cold resistance of the laminated structure are improved and the delamination of the laminated structure in a 
secondary process can be prevented. 

[0322] The adhesive strength between the barrier layer 1 2 and the protective layer 1 5 can be enhanced by forming 
55 a silane coupler layer between the barrier layer 12 and the protective layer 1 5. 

[0323] According to the present invention, an intermediate layer 1 3 may be sandwiched between the barrier layer 
12 and the innermost layer 14. The intermediate layer 13 protects the barrier layer 12 and prevents contact between the 
terminals of a battery module and the barrier layer 12 of aluminum due to the thinning of the innermost layer 14, i.e., a 
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heat-adhesive layer, by heat and pressure applied thereto in a heat-sealing process for forming a pouch. The interme- 
diate layer 13 stabilizes the environmental capabilities (heat resistance and cold resistance) of the battery. The interme- 
diate layer 13 has a thickness of 10 jim or above and a melting point of 80 °C or above. Preferably, the intermediate 
layer 13 includes at least one film of a polyester resin, a polyolefin resin, a fluorocarbon resin, a derivative of one of 
those resins or a blended resin of some of those resins. The polyester resin for forming the intermediate layer 1 3 is pol- 
yethylene terephthalate, polybutylene terephthalate, polyethylene naphthalate, polybutylene naphthalate, polycar- 
bonate, a copolymer of some of those polymers or a derivative of one of those polymers. The polyolefin resin for forming 
the intermediate layer 13 is polypropylene, an ethylene-propylene copolymer, low-density polyethylene, medium-den- 
sity polyethylene, high-density polyethylene, linear low-density polyethylene, an ethylene-oc-olefin copolymer produced 
through polymerization using a single-site catalyst, polyethylene containing metal ions, a copolymer of ethylene and a 
methacrylic acid derivative, a copolymer of ethylene and an acrylic acid derivative, polybutene, unsaturated graft 
poly(methyl pentene) or a derivative of one of those polymers. The fluorocarbon resin for forming the intermediate layer 
13 is a tetrafluoroethylene resin, a trifluoroethylene resin, a polyvinylidene fluoride resin, a polyvinyl fluoride resin, an 
ethylene-tetrafluoroethylene resin, a polychlorotrifluoroethyiene resin, an ethylene-chlo fluoroethylene copolymer or a 
tetrafluoroethylene-hexafluoropropylene copolymer. Films of those resins may be oriented or unoriented. 
[0324] Sometimes, the intermediate layer 1 3 or the outermost layer 1 1 formed of a polyester resin makes the for- 
mation of an embossed case for a lithium battery difficult. The use of a polystyrene terephthalate copolymer or a poly- 
butylene terephthalate copolymer instead of the polyester resin facilitate the formation of an embossed case for a 
lithium battery. 

[0325] When a laminated structure 1 0 provided with an intermediate layer 1 3 is used for packaging a lithium battery 
module, the intermediate layer 13 may consist of two or three sublayers each having a thickness in the range of 10 to 
100 jim, preferably, in the range of 15 to 25 jam. For example, the following multilayer structures may be used as an 
intermediate layer 13. 

(1) PEA/HD 

(2) PPA/PP (melting point: 120 °C or above, preferably, 135 °C or above) 

(3) PMa/TPX (melting point: 120 °C or above, preferably, 135 °C or above), HD or PP 
• (4) PEA or PPA/PMa (Two layers) 

(5) PEA or PPA/PMa/PEA or PPA (Three layers) 

(6) PEA or PPA/PMa/PMa (Three layers) 

(7) PEA or PPA/PMa/TPX/PMa (Four layers) 

(8) PEA or PPA/PMa/TPX/PMa/ PEA or PPA (Five layers) 

(9) PEA or PPA/PMa/ PEA or PPA (Three layers) 

[0326] The following intermediate layers 13 each consisting of three or more sublayers including an adhesive layer 
or adhesive layers may be used. 

(1) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly(methyl pentene)/HD 

(2) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly(methyl pentene)/PP 
(melting point: 120 °C or above, preferably, 135 °C or above) 

(3) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly(methyl pentene)/pofy 
(methyl pentene) 

(4) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly(methyl pen- 
tene)/unsaturated graft poly(methyl pentene) (melting point: 1 35 °C or above, Vicat softening point: 1 1 0 °C) 

(5) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly(methyl pentene)/ori- 
ented polyethylene terephthalate 

(6) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly (methyl pen- 
tene)/polybutylene terephthalate 

(7) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft po!y(methyl pentene)/pol- 
yethylene naphthalate 

(8) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly (methyl pen- 
tene)/fluorocarbon resin 

(9) Unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly (methyl pentene)/HD, 
PP, poly(methyl pentene), unsaturated graft poly(methyl pentene), oriented polyethylene terephthalate orfluorocar- 
bon resin/unsaturated graft polyethylene, unsaturated graft polypropylene or unsaturated graft poly(methyl pen- 
tene) 

[0327] Adhesives layers represented by the symbol / for bonding togetherthe sublayers of the multilayer intermedi- 



45 



EP1 102 336 A1 



ate layer may be those of potyether-urethane resins, polyester-urethane resins, isocyanate resins, polyolefin resins, pol- 
yethylene-imine resins, cyanoacrylate resins, organotitanium compounds, epoxy resins, imide resins, and/or silicone 
resins. 

[0328] Preferably, the innermost layer 14 of the lithium battery packaging laminated structure according to the 
5 present invention is suitable for heat-sealing and is adhesive when heated, can be bonded to the metal terminals 3 by 
heat-sealing and capable of withstanding quality deteriorating actions of the filler of a package formed from the lithium 
battery packaging laminated structure. Preferable materials for forming the innermost layer 14 meeting such require- 
ments are films having a thickness of 1 0 urn or above, preferably, in the range of 50 to 1 00 jwn, a melting point of 80 °C 
or above and a Vicat softening point of 70 °C or above, and formed of an unsaturated graft polyolefin resin, such as an 
w unsaturated graft polyethylene resin, an unsaturated graft polypropylene resin or an unsaturated graft poly(methyl pen- 
tene) resin. 

[0329] Unsaturated graft polyolefin resins are satisfactory in adhesion to terminals 3, heat resistance, cold resist- 
ance and workability (ease of fabricating pouches or forming). 

[0330] When the thickness of the innermost layer 1 4 is less than 1 0 urn, gaps are formed between the battery pack- 
15 age and the terminals 3 when the battery package is heat-sealed and the battery package is unable to prevent the pen- 
etration of moisture into the battery package. When the melting point and Vicat softening point of the innermost layer 
14 are excessively low, the innermost layer 14 is not heat-resistant and not cold-resistant, adhesive strength between 
the innermost layers 14 and the terminals 3 are low and the package may break. The adhesive strength between heat- 
sealed innermost layers 14 does not increase even if the thickness of the innermost layers is increased beyond 1 00 jim 
20 and the thickness of the laminated structure increases and a package formed from the laminated structure needs an 
increased space for installation if the thickness of the innermost layer 14 is increased. Although the foregoing unsatu- 
rated graft polymers may be individually used, a material produced by blending some of those unsaturated graft poly- 
mers have satisfactory properties. 

[0331] Suitable materials other than the foregoing unsaturated graft polymers suitable for forming the innermost 
25 layer 1 4 are polyethylene resins, polypropylene resins, ethylene-vinyl acetate copolymers, ionomers, copolymers of eth- 
ylene and an acrylic acid derivative, copolymers of ethylene and a methacrylic acid derivative, copolymers of propylene 
and an acrylic acid derivative and copolymers of propylene and a methacrylic acid derivative. 
[0332] Preferably, a protective layer 1 5 having a thickness in the range of 1 0 to 50 jim, preferably, in the range of 1 5 
to 25 pm and formed of an unsaturated graft polyolefin resin, such as an unsaturated graft polyethylene resin, an 
30 unsaturated graft polypropylene resin or an unsaturated graft poly(methyl pentene) resin is sandwiched between the 
innermost layer 14 and the barrier layer 12. The protective layer 15 of the unsaturated graft polyolefin resin improves 
the heat resistance and cold resistance of the lithium battery packaging laminated structure. 

[0333] A film of the unsaturated graft polyolefin resin as an intermediate layer 13 may be formed between the bar- 
rier layer 12 and the innermost layer 14 by extrusion lamination or thermal lamination or a film of the unsaturated graft 
35 polyolefin resin may be sandwiched between another intermediate layer 13 and the barrier layer 12 for sandwich lami- 
nation. The unsaturated graft polyolefin resin has high adhesive strength and prevents the delamination of the lami- 
nated structure attributable to the injurious effect of the package filler or a substance produced by the interaction of the 
package filler and moisture. 

[0334] The component layers of the laminated structure 1 0, i.e., the lithium battery packaging laminated structure 
40 according to the present invention, may be processed by a surface activating or inactivating process, such as a corona 
discharge process, a blasting process, an oxidizing process or an ozonation process, to stabilizing qualities needed for 
film formation, lamination and secondary processing for making final products (pouches or embossed cases). Materials 
forming the layers of the lithium battery packaging laminated structures may contain at least one of a moisture absorb- 
ing substance, such as a desiccant, a gas-adsorbent substance that adsorbs gases such as oxygen gas and nitrogen 
45 gas, a flame retarder, an antistatic agent, such as carbon, a surface-active agent or an inorganic oxide, a conductive 
substance, an electromagnetic shielding substance, oxidation inhibitor, an ultraviolet absorber, an antistatic agent, an 
antiblocking agent, a lubricant, such as a fatty acid amide, an inorganic or organic filler, a die and a pigment. The layers 
may be coated with a liquid containing at least one of those substances. 

[0335] When manufacturing the lithium battery packaging laminated structure according to the present invention, 
so films serving as the component layers may be formed by a T-die extrusion process, a tubular film extrusion process or 
a coextrusion process, and the films may be coated with an ultraviolet curable or electron beam curable films by a coat- 
ing process or an evaporation process. The component layers may be laminated by dry lamination, extrusion lamina- 
tion, coextrusion lamination or thermal lamination. 

55 Examples 

[0336] The following laminated structures as examples of the lithium battery packaging laminated structure acco rd- 
ing to the present invention and as comparative examples. 
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[0337] In the following description, materials of films and processes will be represented by the following symbols 
(acronyms, initial words and abbreviations). 

Symbols 
Processes 
[0338] 

10 DL: Dry lamination, EC: Extrusion lamination, COEC: Coextrusion lamination, TL: Thermal lamination 
Materials 
[0339] 

75 

OPET: Oriented polyester film, ON: Oriented nylon film, CPET: Copolyester film, AL: Aluminum foil, POa: Unsatu- 
rated graft polyolefin film (film of a polypropylene resin, a polyethylene resin, or a poly(methyi pentene) resin), EVA: 
Ethylene-vinyl acetate copolymer film, EAM: Film of a copolymer of ethylene and an acrylic acid derivative or a 
methacrylic acid derivative (EM A, EMAA, EAA, EMMA), lo: lonomerfilm, EP: Epoxy resin film, FN: Phenolic resin 
20 film, MR: Melamine resin film, AK: Alkyd resin film, PI: Polyimide film, PU: Polyurethane film, U-PET: Unsaturated 
polyester film, PEU: Polyester-urethane film, PeU: Polyether-urethane film, F: fluorine. 

[0340] Unsaturated graft polymers include unsaturated graft polyethylene resins, unsaturated graft polypropylene 
resins and unsaturated graft poly(methyl pentene) resins. Those three kinds of unsaturated graft polymers were com- 
25 parable in effect and hence the same are called inclusively unsaturated graft polymers in the following description. 
Unless otherwise specified, unsaturated graft polymers used for forming laminated structures in examples are those 
having molting points not lower than 80 °C and Vicat softening points not lower than 75 °C. 
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1) Formation of Laminated Structures in Examples and Comparative Examples 
Example 1 
[0341] 

35 PET12/DL/AL20/EP/DL7PET12/DL7POa20 

[0342] The following adhesives for dry lamination DL were tested. Structures employing adhesives otherthan those 
shown herein as examples are not mentioned herein. 

D,- Popster resin, D 2 : Polyether resin, D 3 : Urethane resin, D 4 : Polyether-urethane resin, D 5 : Polyester-urethane 
resin D 6 : Unsaturated polyester-urethane resin, D 7 : Polyurethane resin, D 8 : Polyethylene-imine resin, D 9 : 
Cyanoacrylate resin, D 10 : Organotitanium compound, D u : Epoxy resin, D 12 : Copolymer of ethylene and acrylic 
acid and methacrylic acid derivative, Di 3 : Polyether resin 

45 Example 2 
[0343] 

PET^Ds/ONIS/Ds/ALaO/EP/Ds/PET^D^POaSO 

50 

Example 3 
[0344] 

55 PET1 2/D5/AL20/EP/D5/PET1 2/D5/POa50 
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Example 4 
[0345] 

5 PET1 2^5/AL20/EP+MRyTLyPOa/EC/PETl2^5/POa70 

Example 5 
[0346] 

10 

ON1 5/D5/AL20/EP+FE/TI7POa/PET1 2/Ds/POa50 
Example 6 
75 [0347] 

CPET1 6/EC/PE20/EC/AL50/EP+MR/POa>TL7POa20/D 5 //CPET1 6/Ds/POa 
Example 7 

20 

[0348] 

ON25/D5/AL40/EP+POayTL7POa20/PP20/POa10/COEC 
25 Example 8 

[0349] 

ON25/D5/AL40/EP+PEU/TLyPOa20/EC/CPET16/D5/PP50 

30 

[0350] Coating on the side of the terminal 
Example 9 
35 [0351] 

ON25/D 5 /ALB0/EP+PeU/POan'lj'PE20/EC/HD50 
[0352] POa coating on the surface on the side of the terminal 

40 

Example 10 
[0353] 

45 PET1 2/D5/ON15/D5/AL1 0/PE+MRmVEAM20/EC/PET12/D5/lo50 
Example 1 1 
[0354] 

50 

ON15/D 5 /AL20/COPET+lo+EVA/TUPOa20/D 5 /PET12/EC/EAM12 
Example 12 

55 [0355] 

PET12AD5/AL20/EP4.MR/POa20^TLyPOa20/lnsulating film PP10/D5/PETl2/D^POa30 
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Example 13 
[0356] 

5 ON15/D5/AL20/EP+POa/TLyPP or HD20 Insulating film POa20/EC/PET12/EC/POa20 

Example 14 
[0357] 

10 

CPET12/EC/AL50/EP+PEU/EC/PP or HD Insulating film POa20/EC/PET12/EC/POa20 
Example 15 
15 [0358] 

ON25/D5/AL50/EP+EVA+CPET/D5/POa Insulating film PP10fl>5/PET12/D5/POa30 
Example 16 

20 

[0359] 

PET12/D5/PE20/EC/AL20 Phosphate treatmenVEP+MR/TL/POa 
25 [0360] Insulating film POa20/EC/PET12/EC/POa20 
Comparative example 1 
[0361] 

30 

PET1 2/DL/ON1 5/DLAL20/DL7PET1 2/DL/POa50 
Comparative example 2 
35 [0362] 

PET12/DL/ON15/DL/AL20/DLyPET12/DL;PE or PP50 

[0363] (Any adhesive resin film, such as a POa, EVA, lo or EMA film is not sandwiched between the terminal and 
40 the innermost layer.) 

2) Evaluation Method 

[0364] Pouches of 30 mm x 60 mm were made from the laminated structures in Examples 1 to 16 and Comparative 
45 examples 1 and 2, 4 mm thick batteries provided with 100 |im thick nickel terminals were put in the pouches, respec- 
tively, and three open sides of the pouches were heat-sealed together with the terminals. Heat of 200 °C and pressure 
of 1 kgf/cm 2 were applied for 1 s to form 1 0 mm wide sealed parts in the peripheral parts of the pouches by heat-sealing 
to complete sample batteries. 

[0365] Embossed packages each having a container having an embossed part of 30 mm x 60 mm x 4 mm and a 7 
so mm wide flange were formed by press forming. Batteries of 4 mm in thickness provided with 1 00 \im thick nickel termi- 
nals were put in the containers of the embossed cases and covers were hermetically bonded to the flanges of the con- 
tainers to seal the batteries in the embossed cases, respectively, to complete sample batteries. 
[0366] The sample batteries were subjected to the following tests. 

55 a) Appearance: The appearance of the pouches and the embossed cases was examined. The pouches and the 
embossed cases were searched for pinholes, sections of sealed parts including terminals of the batteries were 
inspected for contact between the terminals and the barrier layers. 

b) The following properties of sample batteries were examined after storing the sample batteries for ten days in an 
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environment (1) of 40 °C and 90% RH and an environment (2) of 60 °C and 85% RH (dry). 

• Moisture impermeability: Moisture contained in the battery was measured by Karl Fischer's method, to see 
whether an increase in moisture contained in the battery is 50% or below. 

• Delamination: The packages were inspected for delamination. 

3) Results of Tests 

[0367] Neither pinholes nor unbonded parts were found in the batteries having the pouches and embossed cases 
formed from the laminated structures in Examples 1 to 16. Bonded parts had a peel strength of 100 g/m 2 or above. 
[0368] The peel strength of the aluminum foil and the pet film of each of the laminated structures in Comparative 
examples 1 and 2 provided with an untreated aluminum foil was 80 g/m 2 . 

[0369] In the battery having the pouch or the embossed case formed from the laminated structure having the inner- 
most layer formed from only a polyethylene resin film or a polypropylene resin film, and not provided with any layer of 
POa, EVM, lo or EMA between the terminals and the innermost layer, the innermost layer was not bonded satisfactorily 
to the terminals and gaps were formed between the innermost layer and the terminals. 

[0370] Corrosion of the surface of the aluminum foil by an acid produced by the interaction of the electrolyte and 
moisture penetrated the laminated structure and the resultant delamination of the laminated structure could be pre- 
vented by the acid-resistant film formed on the surface on the side of the innermost layer of the aluminum foil, i.e., the 
barrier layer. 

Fifth Embodiment 

[0371] A fifth embodiment of the present invention will be described hereinafter. The fifth embodiment is substan- 
tially the same as the second embodiment illustrated in Figs. 7 to 9, except that laminated structures in the fifth embod- 
iment are different from those in the second embodiment only in construction. Therefore, the fifth embodiment will be 
described with reference to Figs. 7 to 9, in which parts like or corresponding to those of the second embodiment are 
denoted by the same reference characters and the description thereof will be omitted. 

[0372] Referring to Figs. 7(a) to 7(e), an outermost layer 1 1 is an oriented polyester film or a nylon film. Suitable 
polyester resins for forming the oriented polyester film are polyethylene terephthalate resins, polybutylene terephthalate 
resins, polyethylene naphthalate resins, polybutylene naphthalate resins and polycarbonate resins. Suitable poiyamide 
resins for forming the nylon film are nylon 6 and nylon 66. The outermost layer 1 1 has at least one oriented polyethylene 
terephthalate or oriented nylon film of a thickness of 6 (im or above, preferably, in the range of 12 to 25 urn. When a 
lithium battery provided with a battery package made from the laminated structure is used on a device (hardware), the 
outermost layer 11 touches the device. Therefore, it is desirable to form the outermost layer 11 of an insulating resin. 
Since a film forming the outermost layer 1 1 has pinholes and pinholes will be formed in the film during processing, the 
thickness of the outermost layer 1 1 must be 6 fim or above, preferably, in the range of 1 2 to 25 jim. 
[0373] The outermost layer 1 1 may be formed from a laminated film in view of providing the outermost layer 1 1 with 
a high pinhole-resistant property and an improved insulating ability. Preferably, the outermost layer 1 1 includes at least 
one resin layer consisting of two or more layers each having a thickness of 6 ^im or above, preferably, in the range of 12 
to 25 *im. The following laminated structures 1 ) to 6) are examples of the outermost layer 1 1 of laminated construction. 

1) Oriented polyethylene terephthalate film/oriented nylon film 

2) Oriented polyethylene terephthalate film/polyethylene film 

It is preferable to form the outermost layer in multilayer construction or to coat the surface of the outermost 
layer with a layer of a fluorocarbon resin or a silicone resin to improve the mechanical properties of the packaging 
laminated structure (stability in movement on packaging machines and processing machines) and to reduce friction 
between the outermost layer and a die when the packaging laminated structure is subjected to a forming process 
using the die to form embossed cases. 

3) Fluorocarbon resin film/oriented polyethylene terephthalate film (The fluorocarbon resin film is bonded to the ori- 
ented polyethylene terephthalate film or is formed on the oriented polyethylene terephthalate film by spreading liq- 
uid fluorocarbon resin over the surface of the oriented polyethylene terephthalate film and drying the same.) 

4) Silicone resin film/oriented polyethylene terephthalate film (The silicone resin film is bonded to the oriented pol- 
yethylene terephthalate film or is formed on the oriented polyethylene terephthalate film by spreading liquid silicone 
resin ov r the surface of the oriented polyethylene terephthalate film and drying the same.) 

5) Fluorocarbon resin film/oriented polyethylene terephthalate film/oriented nylon film 

6) Silicone resin film/oriented polyethylene terephthalate film/oriented nylon film 
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[0374] Adhesive layers for laminating the component sublayers of the outermost layer 1 1 are formed of polyester 
resins, polyether resins, urethane resins, polyether-urethane resins, polyester-urethane resins, isocyanate resins, poly- 
olefin resins, polyethylene-imine resins, cyanoacrylate resins, organotitanium compounds, epoxy resins, imide resins, 
silicone resins, mixtures of some of those resins and derivatives of those resins. 

5 [0375] A barrier layer 12 prevents the penetration of moisture and gases into a lithium battery 1. To avoid the 
adverse effect of pinholes that may be formed in the barrier layer 12, to stabilize the workability (ease of fabricating 
pouches or forming) and to provide the barrier layer 12 with pinhole resistance, the barrier layer 12 is formed from afoil 
of a metal, such as aluminum or nickel, or a film of an inorganic compound, such as silicon dioxide or alumina. Prefer- 
ably, barrier layer 12 is a soft aluminum foil of a in the range of 20 to 80 |im. 

w [0376] The inventors of the present invention made earnest studies to reduce pinholes and to prevent the formation 
of cracks in an embossed battery package and found that aluminum having an iron content in the range of 0.3 to 9.0% 
is superior in ductility to aluminum not containing any iron, pinholes are less liable to be formed in a film of such alumi- 
num when a laminated structure including the film of such aluminum is folded and walls of an embossed battery pack- 
age can be easily formed. Aluminum having an iron content less than 0.3% is unable to form a satisfactorily pinhole- 

15 resistant film and does not have improved formability. Aluminum having an iron content exceeding 9.0% is unsatisfac- 
tory in flexibility and affects adversely to the workability of the laminated structure in forming a pouch. 
[0377] To improve the chemical resistance, and organic solvent resistance of the surface of the aluminum foil, the 
aluminum foil may be subjected to chemical conversion treatment, such as chromate treatment or phosphate treatment, 
or to sealing treatment after anodic treatment using sulfuric acid, oxalic acid, chromic acid or phosphoric acid. 

20 [0378] A solvent-resistant, acid-resistant resin layer, i.e., a protective layer 15, not shown, may be formed on the 
surface of the aluminum foil. The protective layer 15 is effective not only in protecting the surface of the aluminum foil 
but also in bonding the aluminum foil to an intermediate layer 13. The protective layer 15 contains at least one of epoxy 
reins, phenolic resins, melamine resins, alkyl resins, polyimide resins, unsaturated polyester resins, polyurethane res- 
ins, unsaturated graft polyolefin resins, polyester resins including polyethylene terephthalate copolymers and polybuty- 

25 lene terephthalate copolymers, ionomers, ethylene-vinyl acetate copolymers, copolymers of ethylene and acrylic acid 
derivatives, copolymers of ethylene and methacrylic acid derivatives, polyether resins and derivatives of those resins. 
At least one layer of the resin is formed on the surface of an aluminum foil. 

[0379] A protective layer 1 5 having a thickness in the range of 1 0 to 50 ^m, preferably, in the range of 1 5 to 25 ^im 
and formed of an unsaturated graft polyolefin resin, such as an unsaturated graft polyethylene resin, an unsaturated 
30 graft polypropylene resin or an unsaturated graft poly(methyl pentene) resin, may be formed on a surface of the barrier 
layer 12 on the side of an innermost layer 14. The protective layer 15 of the unsaturated graft polyolefin resin improves 
the heat resistance, cold resistance, chemical resistance and organic solvent resistance of the laminated structure as 
a lithium battery packaging laminated structure. 

[0380] . -The unsaturated graft polyolefin resin film may be formed on the barrier layer 12 by extruding a unsaturated 
35 graft polyolefin resin on the barrier layer 1 2 or may be formed by coating the surface of the barrier layer 1 2 with a coating 
film of a liquid unsaturated graft polyolefin resin and baking the coating film, for example, at 150 °C for 10 s. 
[0381] The intermediate layer 13 is formed between the barrier layer 12, and the protective layer 15 or the inner- 
most layer 14 to protect the barrier layer 12 and to prevent contact (short circuit) between the terminals 3 and the alu- 
minum barrier layer 12 due to the thinning of the innermost layer 14, i.e., a heat-adhesive layer, by heat and pressure 
40 applied thereto in a heat-sealing process for forming a pouch. The intermediate layer 13 is added to stabilize the envi- 
ronmental suitability (heat resistance and cold resistance) of the lithium battery. The intermediate layer 13 has a thick- 
ness of 10 fim or above and a melting point of 80 °C or above. Preferably, the intermediate layer 13 includes at least 
one layer of a thickness in the range of 1 2 to 25 jam formed of a polyester resin, a polyolefin resin, a fluorocarbon resin, 
a derivative of one of those resins or a resin produced by mixing some of those resins. 
45 [0382] Suitable polyester resins for forming the intermediate layer 13 are polyethylene terephthalate resins, poly- 
butylene terephthalate resins, polyethylene naphthalate resins, polybutylene naphthalate resins, polycarbonate resins, 
copolymers of some of those polymers and derivatives of those polymers. 

[0383] Suitable polyolefin resins are polypropylene resins, ethylene-propylene copolymers, low-density polyethyl- 
ene resins, medium-density polyethylene resins, high-density polyethylene resins, linear low-density polyethylene res- 

50 ins, ethylene-cc-olefin copolymers produced through polymerization using a single-site catalyst, polyethylene resins 
containing metal ions, copolymers of ethylene and acrylic acid derivatives, copolymers of ethylene and methacrylic acid 
derivatives, polybutene resins, unsaturated graft polyethylene resins, unsaturated graft polypropylene resins, unsatu- 
rated graft poly(methyl pentene) resins and derivatives of those polymers. Suitable fluorocarton resins are tetrafluor- 
oethylene resins, trifiuoroethylene resins, polyvinylidene fluoride resins, polyvinyl fluoride resins, ethylene 

55 tetrafluoroethylene resins, polychlorotrifluoroethylene resins, ethylene chlorotrifluoroethylene copolymers and 
tetrafluoroethylene-hexafluoropropylene copolymers. Films of these resins may be either oriented or unoriented. 
[0384] The intermediate layer 1 3 may be either a single-layer structure or a multilayer structure. A multilayer struc- 
ture as the intermediate layer 13 may be formed by a coextrusion process or an extrusion lamination process. For 
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example, when forming a multilayer intermediate layer 13 consisting of two or more sublayers, the thickness of each 
sublayer is in the range of 10 to 100 jtim, preferably, in the range of 15 to 25 \xrr\. Th following multilayer structures 1) 
to 9) are examples of intermediate layers 13. In the following symbolic representations of multilayer intermediate layers 
1 3, sublayers nearer to the barrier layer are nearer to the left end. 

5 

1) PEA/HD 

2) PPA/PP (melting point: 120 °C or above, preferably, 135 °C or above) 

3) PMa/TPX (melting point: 120 °C or above, preferably, 135 °C or above), HD or PP 

4) PEA or PPA/PMa (two layers) 

10 5) PEA or PPA/PMa/ PEA or PPA (three layers) 

6) PEA or PPA/PMa/PMa (three layers) 

7) PEA or PPA/PMa/TPX/PMa (four layers) 

8) PEA or PPA/PMa/TPX/PMa/ PEA or PPA (five layers) 

9) PEA or PPA/PMa/PEA or PPA (three layers) 

[0385] When a multilayer intermediate layer 13 is formed by a dry lamination process, the intermediate layer 13 
consists of three or more sublayers Including and adhesive layer or layers and the thickness of each sublayer is in the 
range of 1 0 to 1 00 urn, preferably, in the range of 1 5 to 25 urn. The following multilayer structures 1 ) to 9) are examples 
of intermediate layers 13 formed by dry lamination. In the following symbolic representations, the symbol 7° represents 
20 an adhesive layer employed in dry lamination. 

1) Sublayer 1 (layer of PEA, PPA or PMa)/HD 

2) Sublayer VP? (melting point: 1 20 °C or above, preferably 135 °C or above) 

3) Sublayer 1/TPX 

25 4) Sublayer 1/PMa (melting point: 135°C or above, Vicat softening point: 1 10 °C or above) 

5) Sublayer 1/oriented polyethylene terephthalate 

6) Sublayer 1/polybutylene terephthalate 

7) Sublayer 1/polyethylene naphthalate 

8) Sublayer 1/fluorocarbon 

30 9) PEA, PPA or PMa/HD, PP, TPX, PMa, oriented polyethylene terephthalate, polybutyiene terephthalate, polyeth- 
ylene naphthalate orfluorocarbon/ PEA, PPA or PMa 

Possible adhesives for bonding together the component sublayers of the foregoing intermediate layers 13 by dry 
lamination are polyester adhesives, polyether adhesives, urethane adhesives, polyether-urethane adhesives, pol- 
yester-urethane adhesives, isocyanate adhesives, polyolefin adhesives, polyethylene-imine adhesives, cyanoacr- 
35 ylate adhesives, organotitanium compounds, epoxy adhesives, imide adhesives, silicone adhesives, derivatives of 
those adhesives and mixtures of some of those adhesives. 

[0386] The innermost layer 1 4 of the lithium battery packaging laminated structure according to the present inven- 
tion forming a package for containing a lithium battery module must be heat-adhesive, must be adhesive to the termi- 

40 nals 3 of the lithium battery module, i.e., metal members, and must be unsusceptible to the adverse effect of the lithium 
battery module. It was known through studies made to find materials suitable for forming the innermost layer 14 that a 
resin layer having a thickness of 10 pm or above, preferably, in the range of 50 to 100 jim and formed of any one of res- 
ins having a melting point of 80 °C or above and a Vicat softening point of 70 °C or above, such as unsaturated graft 
polyolefin resins including unsaturated graft polyethylene resins, unsaturated graft polypropylene resins and unsatu- 

45 rated graft methyl pentene resins, and mixtures of some of the unsaturated graft polyolefin resins, is satisfactory. 
Unsaturated graft polyolefin resins are excellent in adhesion to the terminals 3, heat resistance, cold resistance, work- 
ability (ease of fabricating pouches or forming). 

[0387] When the thickness of the innermost layer 1 4 is less than 1 0 urn, gaps are formed between the battery pack- 
age and the terminals 3 when the battery package is heat-sealed and the battery package is unable to prevent the pen- 

50 etration of moisture into the battery package. When the melting point and Vicat softening point of the innermost layer 
14 are excessively low, the innermost layer 14 is not heat-resistant and not cold-resistant, adhesive strength between 
the innermost layers 14 and the terminals 3 are low and the package may break. The adhesive strength between heat- 
sealed innermost layers 14 does not increase even if the thickness of the innermost layers is increased beyond 1 00 jam 
and the thickness of the laminated structure increases and a package formed from the laminated structure needs an 

55 increased space for installation if the thickness of the innermost layer 14 is increased. Although the foregoing unsatu- 
rated graft polymers may be individually used, a material produced by blending some of those unsaturated graft poly- 
mers have satisfactory properties. 

[0388] Sometimes, a tray-type embossed case as shown in Fig. 8(b) is formed from the packaging laminated struc- 



52 



EP1 102 336 A1 



ture according to the present invention. The embossed case has a container 6 having an embossed part 8 for contain- 
ing a battery module and a flange 9, and a cover 7 to be bonded hermetically to the flange 9. Basically, the container 6 
is formed from a five-layer laminated structure as shown in Fig. 8(a). A poly ster resin forming the outermost layer 1 1 
and/or the intermediate layer 13 is a polyethylene terephthalate copolymer or a polybutylene terephthalate copolymer. 
It is preferable that the film forming the outermost layer 11 and/or the intermediate layer 13 is oriented at a low draw 
ratio. When such a copolymer is used, the container 6 can be formed in a rectilinear shape. The container can be easily 
formed in a shape in which a ratio d/T is 1/50 or greater, where T is the width of the open end of the container 6 and d 
is the depth of the container 6, and the side wail is inclined at an inclination of 130° or below. The embossed case is 
able to contain the battery module snug. Since the cover 7 to be attached to the container 6 is not embossed, a battery 
packaging laminated structure for forming the cover 7 need not be the copolymer film. 

[0389] The intermediate layer 13 of the unsaturated graft polyolefin resin may be sandwiched between the barrier 
layer 12 and the innermost layer 14 in addition to the protective layer 15 formed on the surface of the aluminum foil by 
bonding the intermediate layer 13 to the barrier layer 1 2 and the innermost layer 1 4 by extrusion lamination or by bond- 
ing a film of the unsaturated graft polyolefin resin to the barrier layer 1 2 and the innermost layer by thermal lamination. 
The unsaturated graft polyolefin resin may be extruded between another intermediate layer 13 and the barrier 12 for 
sandwich lamination. Such sandwich lamination may be used in combination with the formation of the protective layer 
15 of an unsaturated graft polyolefin resin on a surface of the barrier layer 12 on the side of the innermost layer 14. 
When the layers are laminated by extrusion coating, the adhesive strength between the layers can be increased by 
coating the bonding surface of the layer to be bonded to another with an about 1 \im thick film of any one of polyester 
resins, polyether resins, urethane resins, polyether-urethane resins, polyester-urethane resins, isocyanate resins, poly- 
olefin resins, polyethylene-imine resins, cyanoacrylate resins, organotitanium compounds, epoxy resins, imide resins, 
silicone resins, derivatives of those resins and mixtures of some of those resins. This film is a bonding layer 1 of the 
laminated structure 1 0. 

[0390] A bonding surface of the intermediate layer 1 3, the barrier layer 1 2 or the protective layer may be finished by 
an ozonation process. 

[0391] The intermediate layer may be bonded to the barrier layer 12 or the protective layer 15 by dry lamination or 
by coextrusion orthermal lamination using an unsaturated graft polyolefin resin. The adhesive strength between the lay- 
ers bonded together by coextrusion or thermal lamination is high and prevents the delamination of the laminated struc- 
ture caused by the package filler or by a substance produced by the interaction of the package filler and moisture. 
[0392] The outermost layer 1 1 , the barrier layer 1 2, the intermediate layer 1 3 and the innermost layer 1 4 of the lam- 
inated structure 1 0 as a lithium battery packaging laminated structure according to the present invention may be formed 
and laminated by a T-die extrusion process, a tubular film extrusion process or a coextrusion process. When necessary, 
a secondary film may be formed by a coating process, an evaporation process, an ultraviolet curing process or an elec- 
tron beam curing process. The adjacent layers may be bonded together by a dry lamination process, an extrusion coat- 
ing process, a coextrusion lamination process or a thermal lamination process. 

Possible adhesives for dry lamination are polyester adhesives, polyethylene-imine adhesives, polyether adhesives, 
cyanoacrylate adhesives, urethane adhesives, organic titanium compound adhesives, polyether-urethane adhesives, 
epoxy adhesives, polyester-urethane adhesives, imide adhesives, isocyanate adhesives, polyolefin adhesives and sili- 
cone adhesives. 

An adhesive film having a thickness of about 1 \irr\ and formed of one of polyester resins, polyether resins, urethane 
resins, organotitanium compounds, polyether-urethane resins, polyester-urethane resins, isocyanate resins, polyolefin 
resins, polyethylene-imine resins cyanoacrylate resins, epoxy adhesives, imide resins, silicone resins, derivatives of 
those resins and mixtures of some of those resins may be used when laminating the adjacent layers by extrusion lam- 
ination to stabilize the adhesive strength between the layers or the layers may be subjected to an ozonation process for 
surface activation. 

[0393] An unsaturated graft polyolefin resin used for coextrusion lamination or thermal lamination improves adhe- 
sive property and resistance to the injurious effect of the package filler. 

Examples 

[0394] Examples of lithium battery packaging laminated structures according to the present invention will be 
described hereinafter. Laminated structures of the foregoing types of construction were made and applied to lithium 
battery packages. Performance of the laminated structures was satisfactory. 

[0395] In the following description, are designated inclusively as unsaturated graft polymers. Unsaturated graft pol- 
yethylene, unsaturated graft polypropylene and unsaturated graft poly(methyl pentene)three were comparable in effect 
and hence those unsaturated graft polymers are designated inclusively as unsaturated graft polymers in the following 
description. Unless otherwise specified, unsaturated graft polymers used for forming laminated structures in examples 
are those having melting points not lower than 80 °C and Vicat softening points not lower than 75 °C. 
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Laminated Structures for Forming Pouches 
Example 1 
5 [0396] 

OPET12/D 2 /AL20/D5/PEP12/D 5 /Unsaturated graft polymer film50 

[0397] The following adhesives were tested. Structures employing adhesives other than those shown herein as 
10 examples are not mentioned herein. 

Dv Polyester resin, D 2 : Polyether resin, D 3 : Urethane resin, D 4 : Polyether-urethane resin, D 5 : Polyester-urethane 
resin, D 6 : Isocyanate resin, D 7 : Polyolefin resin, D 8 : Polyethylene-imine resin, D 9 : Cyanoacrylate resin, D 10 : Orga- 
notitanium compound, D^: Epoxy resin, D 12 : Imide resin, D 13 : Silicone resin 

75 

[0398] Laminated structures were formed by substituting the intermediate layers formed of 0 PET of Example 1 and 
the following examples by PP, HD, LDPE, LLDPE, MDPE, a fluorocarbon resin, PBT and a biaxially oriented EVOH and 
the performance thereof was tested. 

20 Example 2 

[0399] 

PET12/D 2 /EC/PE15/EC/AL20/D5/OPET12/D5^Jnsaturated graft polymer filmSO 

25 

Example 3 
[0400] 

30 OPET12/D2/AL20/D2/OPET12/D5/Unsaturated graft polymer film50 
Example 4 
[0401] 

35 

N6/D 2 /AL15/DL/OPET12/D5/Unsaturated graft polymer flim50 
[0402] Laminated structures for Forming Embossed Packages 
40 Example 5 
[0403] 

Polyethylene terephthalate copolymer filmie/Dg/NI 5/D 2 /AL20(acid-p roofing treatment: chromatingJ/D^Polyethyl- 
45 ene terephthalate copolymer! e/D^Unsatu rated graft polymer film50 

Example 6 

[0404] 

50 

Polyethylene terephthalate copolymer film16/EC/PE15/EC/AL20(acid-proofing treatment phosphatingJ/Ds/Poiy- 
ethylene terephthalate copolymer! 6/D5/Unsaturated graft polymer filmSO 

[0405] Laminated Structures with Different Outermost layers 

55 



54 



EP 1 102 336 A1 

Example 7 
[0406] 

5 ON25/D2/AL40/D5/Polyethylene terephthalate copolymer filrrrt 6/D5/Unsatu rated graft polymer filmSO 
Example 8 
[0407] 

10 

ON25/EC/AL40/Ds/Polyethylene terephthalate copoly-merchandise film20/D5/OPET1 2/0^1) nsatu rated graft poly- 
mer film50 

Example 9 

15 

[0408] 

OPET12/D5/AL20/TLyUnsaturated graft polymer fitrr^O/Dg/OPETI 2/Ds/Unsatu rated graft polymer film50 

20 [0409] The OPET film of this structure and the following structures serving as an intermediate layer may be PP, HD, 
fluorocarbon resin film, PBT or a biaxially oriented EVOH. 

Example 10 

25 [0410] 

OPET12/DL/AL20yTU(Epoxy-melamine) unsaturated graft polymer film20/EC/OPET12/D5^Jnsaturated graft poly- 
mer film20 

30 Example 1 1 

[0411] 

ON15/D5/AL20/TL/Unsaturated graft polymer film20/EC/OPET12/EC/Unsaturated graft polymer filmSO 

[0412] The OPET film of this structure serving as an intermediate layer may be PR an unsaturated graft poly(methyl 
pentene) film or HD. If PP is instead of OPET for forming the intermediate layer, the unsaturated graft polymer film is an 
unsaturated graft polypropylene film. If HD is used instead of OPET as the intermediate layer, the unsaturated graft pol- 
ymer film is an unsaturated graft polyethylene film. 

Example 12 

[0413] 

OPET12/D5/ON15/D5/AL20/Baked unsaturated graft polypropylene film5n"L/PP20/D5/Unsatu rated graft polymer 
filmSO 

[0414] The intermediate layer of PP may be PE or a poly(methyl pentene) film. When PE is used as the intermedi- 
ate layer, an unsaturated graft polyethylene film is used instead of the unsaturated graft polypropylene film coating the 
so aluminum foil. If the intermediate layer is a poly(methyl pentene) film, an unsaturated graft poly(methyl pentene) film is 
used instead of the unsaturated graft polypropylene film coating the aluminum foil. 
[0415] The intermediate layer may be a multilayer film formed by coextrusion. 

Example 13 

55 

[0416] 

ON15/D5/AL20/TLAJnsaturated graft polymer film20/Unsatu rated poly(methyl pentene)film20/Unsaturated graft 
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polymer film50/COEC 
Example 14 
5 [0417] 

OPET12/D5/AL20(acid-proofing treatment epoxy-melamineJ/TL/Unsaturated graft polym r 
film20/D5/OPET12/Unsaturated graft polymer filmSO 

10 [041 8] Laminated Structures for Forming Embossed Packages 

Example 15 

[0419] 

15 

Polyethylene terephthalate copolymer film15/D 5 /AL40/TUUnsaturated graft polymer filnr^G/Ds/Polyethylene 
terephthalate copolymer film16/D5/Unsaturated graft polymer filmSO 

[0420] The intermediate layer may be PR HD, a fluorocarbon resin film, OPET or EVOH (ethylene-vinyl alcohol 
20 copolymer) instead of the polyethylene terephthalate copolymer. 

Example 16 

[0421] 

25 

ON25/D5/AL50/TL/Unsaturated graft polymer film20/EC/Polyethylene terephthalate copolymer filml 6/DUUnsatu- 
rated graft polymer filmSO 

Example 17 

30 

[0422] 

ON25/DUAL80ni/Unsaturated graft polymer film 15/PP15/Unsatu rated graft polymer flim10/COEC 
35 Example 18 
[0423] 

Silicone resin film/Polyethylene terephthalate copolymer film25/EC/PE20/EC/AL20 (Silane coupling treat- 
40 ment)/TLAJnsaturated graft polymer film20/D5/Pofyethylene terephthalate copolymer filml 6/D5/Unsaturated graft 
polymer filml 00 

Example 19 

45 [0424] 

OPET12/D 5 /AL20n _ LyPP20/D 5 /OPET12/D5/Unsaturated graft polymer film50 
Example 20 

50 

[0425] 

OPET12/D 5 /AL20/TLyUnsaturated graft polymer film 20/D5/PET12/D5/Unsatu rated graft polymer filmSO 

55 
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Example 21 
[0426] 

5 OPET12/D5/AL1 O/TL/Unsaturated graft polymer film 20/D5/OPET12/D5/Unsaturated graft polymer fi!m50 
[0427] Laminated Structures for Forming Embossed Packages 
Example 22 

10 

[0428] 

OPET16/D5/AL40/D5/OPET6/D5/Unsaturated graft polymer fllmSO 

15 [0429] Laminated structures in Comparative examples 1 to 3 were made and the ability thereof was evaluated. 
Unless otherwise specified, unsaturated graft polymers in the following structures are those having a melting point of 
80 °C or above and a Vicat softening point of 70 °C or above. 
[0430] Laminated Structures for Forming Pouches 

20 Comparative example 1 

[0431] 

OPET12/D 5 /AL20/D 5 /PP50/Unsaturated graft polymer filmSO 

25 

Comparative example 2 
[0432] 

30 OPET12/D5/AL20/D5/HD50 

Comparative example 3 
[0433] 

35 

OPET12/D5/AU20/TUUnsaturated graft polymer20/D5/OPET12/D5/Unsaturated graft polymer film50 

[0434] Unsaturated graft polymer having a melting point of 75 °C and a Vicat softening point of 65 °C was used. 
[0435] Pouch type batteries: Pouches of 30 mm x 60 mm were made, battery modules of 4 mm in thickness having 

40 nickel terminals of 1 00 ^im In thickness were put in the pouches, respectively, and three sides of each pouch including 
a side through which the terminals extend outside were sealed by heat-sealing. Heat of a temperature of 200 °C and a 
pressure of 1 kgf/cm 2 were applied for 1 s to the pouches for heat-sealing to form sealed parts of 10 mm in width. 
[0436] Embossed package type batteries: Embossed packages each having a container of 30 mm x 60 mm x 4 mm 
having a flange of 7 mm in width were made by pressing, battery modules of 4 mm in thickness having nickel terminals 

45 of 100 urn in thickness were put in the containers of the embossed cases, respectively, and covers were bonded to the 
flanges of the containers, respectively, by heat-sealing to seal the battery modules in the embossed cases. 
[0437] Appearance of the batteries having packages formed from packaging laminated structures in examples and 
comparative examples was examined, the packages were searched for pinholes, sections of sealed parts including ter- 
minals of the lithium batteries were inspected for contact between the terminals and the barrier layers. 

so [0438] The following properties of sample batteries were examined after storing the sample batteries for ten days 
in an environment (1) of 40 °C and 90% RH and an environment (2) of 60 °C and 85% RH (dry). 
[0439] Moisture impermeability: Moisture contained in the battery was measured by Karl Fischer's method to see 
whether an increase in moisture contained in the battery is 50% or below. 

55 Delamination: The packages were inspected for delamination 

[0440] The laminated structures in Examples 1 to 1 8 were satisfactory. The laminated structures in Examples 1 9 to 
23 and Comparative examples 1 to 3 had problems tabulated in Table 5-1 . 
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Table 5-1 



Samples 


Problems 


Example 19 


AL/PP was delaminated 


Example 20 


The outermost layer of OPET was excessively thin, pinholes were formed during proc- 
esses for forming a pouch, AL was exposed to nullify the insulating property of the 
pouch. 


Example 21 


Pinholes of sizes on the order of 10 |im were formed in AL1 0 and moisture impermea- 
bility was nullified. 


Example 22 


Sometimes, pinholes were formed in during a forming process because PET16is not a 
copolymer film. 


Example 23 


The intermediate layer was excessively thin and contact between the terminals and the 
barrier layer occurred in some samples during heat-sealing. 


Comparative example 1 


The innermost layer could not be bonded to the terminals and the packages could not 
be sealed hermetically. 


Comparative example 2 


The innermost layer could not be bonded to the terminals and the packages could not 
be sealed hermetically. 


Comparative example 3 


Heat sealed parts were not heat-resistant, were not heat-sealed satisfactorily and 
opened. 



25 

[0441] Lithium batteries formed by sealing lithium battery modules in the packages formed from the lithium battery 
packaging laminated structures according to the present invention are flexible, and are lightweight and thin as com- 
pared with lithium batteries formed by sealing lithium battery modules in metal cans. Therefore, the lithium batteries 
according to the present invention can be installed in a small space. The lithium battery packaging laminated structures 
30 according to the present invention are excellent in gas-barrier property, are capable of maintaining satisfactory gas-bar- 
rier property for a long time, and are excellent in heat resistance, cold resistance and resistance to the injurious effect 
of fillers contained in the packages formed from the lithium battery packaging laminated structures. 

Sixth Embodiment 

35 

[0442] A sixth embodiment of the present invention will be described hereinafter. The sixths embodiment is sub- 
stantially the same as the first embodiment illustrated in Figs. 1 to 6, except that laminated structures in the sixth 
embodiment are different from those in the first embodiment only in construction. Therefore, the sixth embodiment will 
be described with reference to Figs. 1 to 6, in which parts like or corresponding to those of the first embodiment are 

40 denoted by the same reference characters and the description thereof will be omitted. 

[0443] As shown in Figs. 1 to 6, the outermost layer 1 1 of a laminated structure forming a package containing a lith- 
ium battery module of a lithium battery touches a device hardware) when the lithium battery is used on a device. There- 
fore, it is desirable to form the outermost layer 1 1 of a basically insulating resin. Since a film has pinholes and pinholes 
will be formed in the film during processing, the thickness of the outermost layer 1 1 must be 6 ^im or above, preferably, 

45 in the range of 12 to 25 urn. The outermost layer 1 1 may be any one of the following multilayer structures 1) to 7), not 
shown. 

1) Oriented polyethylene terephthalate film/ON 

2) ON/Oriented polyethylene terephthalate film 

so It is preferable to form the outermost layer 1 1 in multilayer construction or to coat the surface of the outermost 

layer 1 1 with a layer of a f luorocarbon resin, an acrylic resin or a silicone resin to improve the mechanical properties 
of the packaging laminated structure (stability in movement on packaging machines and processing machines) and 
to reduce friction between the outermost layer 1 1 and a die when the packaging laminated structure is subjected 
to a forming process, i.e., a secondary process, using the die to form embossed cases. 

55 3) Fluorocarbon resin film/Oriented polyethylene terephthalate film (The fluorocarbon resin film is bonded to the ori- 
ented polyethylene terephthalate film or is formed on the oriented polyethylene terephthalate film by spreading a 
liquid fluorocarbon resin over the surface of the oriented polyethylene terephthalate film and drying the same.) 
4) Silicone resin film/Oriented polyethylene terephthalate film (The silicone resin film is bonded to the oriented pol- 
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yethylene terephthalate film or is formed on the oriented polyethylene terephthalate film by spreading a liquid sili- 
cone resin over the surface of the oriented polyethylene terephthalate film and drying the same.) 

5) Fluorocarbon resin film/Oriented polyethylene terephthalate film/Oriented nylon film 

6) Silicone resin film/Oriented polyethylene terephthalate film/Oriented nylon film 

7) Acrylic resin film/Oriented nylon film (The acrylic resin film is bonded to the oriented nylon film or is formed on 
the oriented nylon film by spreading a liquid acrylic resin over the surface of the oriented nylon film and drying the 
same.) 

[0444] The outermost layer 1 1 is bonded to a barrier layer 12 by dry lamination or extrusion lamination. 
[0445] The barrier layer 1 2 prevents the penetration of moisture Into a lithium battery 1 . To avoid the adverse effect 
of pinholes that may be formed In the barrier layer 1 2, to stabilize the workability (ease of fabricating pouches or form- 
ing) and to provide the barrier layer 1 2 with pinhole resistance, the barrier layer 1 2 is formed from a foil of a metal, such 
as aluminum or nickel, or a film of an inorganic compound, such as silicon dioxide or alumina. Preferably, the thickness 
of the barrier layer 1 2 is in the range of 1 0 to 80 um 

[0446] it is desirable to form the barrier layer from an aluminum foil made of aluminum having an iron content in the 
range of 0.3 to 9.0%, preferably, in the range of 0.7 to 2.0% to reduce pinholes and to prevent the formation of cracks 
in an embossed battery package. Aluminum having an iron content less than 0.3% is unable to form a satisfactorily pin- 
hole-resistant film and does not have improved formability. Aluminum having an iron content exceeding 9.0% is unsat- 
isfactory in flexibility and affects adversely to the workability of the laminated structure in forming a pouch. 
[0447] The flexibility, firmness and hardness of an aluminum foil formed by cold rolling are dependent on conditions 
for annealing the aluminum foil. It is more preferable to use a flexible, soft aluminum foil processed by annealing than 
to use an unannealed hard aluminum foil. The flexibility, firmness and hardness of the aluminum foil and annealing con- 
ditions may be selectively determined taking into consideration workability (ease of fabricating pouches or forming). A 
slightly or perfectly annealed soft aluminum foil is more desirable than an unannealed hard aluminum foil in view of 
inhibiting pinhole formation and creasing when embossing a laminated structure. 

[0448] A surface of an aluminum foil is corroded by the chemical interaction of an aluminum oxide formed on the 
surface of the aluminum foil, and hydrogen fluoride (HF) produced by the interaction of an electrolyte and moisture. It is 
preferable to remove oxides and oils from the surface of the aluminum foil by cleaning the surface of the aluminum foil 
with an acid solution and an alkali solution. Suitable acids for cleaning are inorganic acids including sulfuric acid, hydro- 
chloric acid, nitric acid, phosphoric acid, hydrofluoric acid and chromic acid, and organic acids including sulfamine acid, 
oxalic acid, tartaric acid, citric acid, formic acid, lactic acid, glycolic acid, acetic acid, gluconic acid, succinic acid and 
malic acid. A cleaning liquid can be prepared by mixing one of those acids as a principal component and suitable addi- 
tives. Suitable alkalis for cleaning are hydroxides including sodium hydroxide, carbonates including sodium carbonate 
and sodium bicarbonate, phosphates including sodium secondary phosphate and sodium tertiary phosphate, 
polyphosphates including sodium pyrophosphate, sodium tripolyphosphate and sodium tetrapoly phosphate, and sili- 
cates including sodium orthosilicate and sodium metasilicate. Although sodium salts are enumerated above, potassium 
salts and ammonium salts can be also used. An alkali cleaning liquid can be prepared by mixing one of those alkalis 
and suitable additives. 

[0449] A surface finishing layer of a phosphate, a chromate, a fluoride, an organic silicon compound, an organic 
titanium compound or an organic aluminum compound may be formed on a surface of the aluminum foil on the side of 
an innermost layer to improve the chemical resistance and organic solvent resistance of the aluminum foil. 
[0450] The chemical resistance and organic solvent resistance can be further improved by properly adding silicon 
dioxide (Si0 2 ), calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium 
potassium chromate or barium zinc chromate to the surface finishing layer formed on the surface of the aluminum foil. 
[0451] The surface of the aluminum foil may be roughened by a chemical or physical method to enhance adhesive 
strength between the aluminum foil and a layer bonded to the aluminum foil. 

[0452] Aluminum foils are often laminated to layers of other materials as barrier layers of packaging laminated 
structures. Aluminum, as compared with other metals, is relatively susceptible to the corrosive action of organic sol- 
vents, acids and alkalis. The active materials and polyelectrolytes of most lithium battery modules contain an organic 
solvent, such as ethylene carbonate, propylene carbonate, diethyl carbonate, dimethyl carbonate or acetone. 
Hydrofluoric acid (HF), a strong acid, is produced by the interaction of water and a lithium salt contained in the polye- 
lectrolyte. When the surface of an aluminum foil is corroded by such organic solvents and acids, adhesive strength 
between the aluminum foil and an innermost layer or an intermediate layer decreases and the laminated packaging lam- 
inated structure is delaminated and the functions of the packaging laminated structure are lost. 
[0453] The inventors of the present invention found through experiments that the corrosion of the surface of an alu- 
minum foil can be prevented by coating the surface finishing layer PR with an acid-resistant, solvent-resistant resin layer 
(hereinafter referred to as "protective layer 15"). It was also found that the protective layer 15 unexpectedly is effective 
in bonding an intermediate layer 13 to the aluminum foil as well as effective in protecting the surface of the aluminum 
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foil. According to the present invention, suitable materials for forming the protective layer 1 5 coating the surface of the 
barrier layer or the surface of the surface finishing layer are resins including epoxy resins, phenolic resins, melamine 
resins, alkyd resins, polyimide resins, unsaturated polyester resins, polyurethane resins, unsaturated graft polyolefin 
resins, polyester copolymers including polyethylene terephthalate copolymers and polybutylene terephthalate copoly- 

5 mers, metal ion crosslinked polyethylene resins, ethylene-vinyl acetate copolymers, ethylene-acrylic acid copolymers, 
ethylene-methacrylic acid copolymers and pofyether-urethane resins and derivatives of those resins. The protective 
layer 15 is formed of a material containing 30% or above of at least one of those resins. The protective lay r 15 may 
contain one of the compounds for surface finishing, i.e., the phosphate, the chromate and the fluoride, an organic silicon 
compound an organic titanium compound or an organic aluminum compound. 

10 [0454] The protective layer 15 may contain a phosphate film forming substance (zinc phosphate, iron phosphate, 
manganese phosphate, calcium phosphate, chromium phosphate, titanium phosphate, tin phosphate or silica phos- 
phate), a chromate film forming substance (chromium chromate or silica chromate), fluoride film forming substance 
(titanium fluoride or zinc fluoride) and/or a substance for improving the adhesive property of the surface of an aluminum 
foil (coupling agent, a silane coupling agent, an organic titanium coupling agent or an organic aluminum coupling 

is agent). 

[0455] The chemical resistance and organic solvent resistance of the protective layer 15 can be further enhanced 
by properly adding silicon dioxide (Si0 2 ), calcium carbonate, zinc, minium, lead suboxide, zinc oxide lead cyanamide 
zinc chromate, barium potassium chromate or barium zinc chromate. 

[0456] According to the present invention, an intermediate layer 13 may be sandwiched between the barrier layer 
20 12 orthe protective layer 15, and an innermost layer 14. The intermediate layer 13 protects the barrier layer 12 and pre- 
vents contact (short circuit) between the terminals 3 and the barrier layer 12 of aluminum due to the thinning of the 
innermost layer 14, i.e., a heat-adhesive layer, by heat and pressure applied thereto in a heat-sealing process for form- 
ing a pouch. 

[0457] The intermediate layer 13 may be a multilayer film to stabilize the environmental capabilities of the battery. 
25 The multilayer intermediate layer 13 includes at least one sublayer having a thickness of 1 0 jim or above, preferably in 
the range of 1 2 to 25 nm and a melting point of 80 °C or above. The intermediate layer 1 3 includes at least one sublayer 
having a thickness in the range of 1 2 to 25 ^m and formed of a polyester resin, a polyolefin resin, a fluorocarbon resin, 
a derivative of one of those resins or a mixture of some of those resins. 

[0458] Possible polyester resins are polyethylene terephthalate resins, polybutylene terephthalate resins, polyeth- 
30 ylene naphthalate resins, polybutylene naphthalate resins, polycarbonate resins, copolymers of some of those resins 
or derivatives of those resins. Possible polyolefin resins are polypropylene resins, ethylene-propylene copolymers, low- 
density polyethylene resins, medium-density polyethylene resins, high-density polyethylene resins, linear low-density 
. polyethylene resins, ethylene-ot-olefin copolymers produced by polymerization using a single-site.catalyst, polyethylene 
resins containing metal ions, ethylene-methacrylic acid derivative copolymers, ethylene-acrylic acid derivative copoly- 
35 mers, polybutene resins, unsaturated graft polyethylene resins, unsaturated graft polypropylene resins, unsaturated 
graft poly(methyl pentene) resins and derivatives of those resins. 

[0459] Possible fluorocarbon resins are tetrafluoroethylene resins, trifiuoroethylene resins, polyvinylidene fluoride 
resins, polyvinyl fluoride resins, ethylene-tetrafluoroethylene copolymers, polychlorotrifuluoro ethylene resins, ethylene- 
chlorofluoroethylene copolymers, and tetrafluoroethylene-hexafluoropropylene copolymers. Either oriented or unori- 

40 ented films of those resins may be used. 

[0460] The intermediate layer 13 may be of single-layer construction or of multilayer construction. For example, the 
intermediate layer 13 may consists of a first intermediate layer 13a and a second intermediate layer 13b. The interme- 
diate layer 13 of multilayer construction may be formed by coextrusion, dry lamination or extrusion lamination. 
[0461] Fig. 3 shows an intermediate layer formed by laminating a first intermediate layer 13a and a second inter- 

45 mediate layer 1 3b by dry lamination. 

[0462] For example, when forming the intermediate layer 13 by coextrusion, the intermediate layer 13 consists of 
two or more sublayers and each sublayer has a thickness in the range of 1 0 to 100 urn, preferably, in the range of 15 to 
25 urn. 

[0463] The following multilayer structures 1) to 9) are examples of intermediate layers 13 formed by coextrusion. In 
so the following symbolic representations of multilayer intermediate layers 13, sublayers nearer to the barrier layer are 
nearer to the left end. 

1) PEA/HD 

2) PEA/PP (melting point: 120 °C or above, preferably, 135 °C or above) 

55 3) PMayTPX (melting point: 120 °C or above, preferably, 135 °C or above), HD or PP 

4) PEA or PPA/PMa (two layers) 

5) PEA or PPA/PMa/PEA or PPA (three layers) 

6) PEA or PPA/PMa/PMa (three layers) 
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7) PEA or PPA/PMa/TPX/PMa (four layers) 

8) PEA or PPA /PMa/TPX/PMa/PEA or PPA (five layers) 

9) PEA or PPA/PMa/PEA or PPA (three layers) 

[0464] The following multilayer structures 1) to 9) are examples of intermediate layers 13 formed by dry lamination 
and having three or more sublayers including adhesive layers, and the thickness of each sublayer is in the range of 1 0 
to 100. ^im, preferably, in the range of 15 to 25 The following additional symbols are used for representing the mul- 
tilayer structures. 

Symbols 

[0465] 

PET: Polyethylene terephthalate film, PBT: Polybutylene terephthalate film, PEN: Polyethylene naphthalate film, 
FR: Fluorocarbon resin film 

1) PEA, PPAorPMa/HD 

2) PEA, PPA or PMa/PP (melting point: 120 °C or above, preferably 135 °C or above) 

3) PEA, PPA or PMa/TPX 

4) PEA, PPA or PMa/PMa (melting point: 135°C or above, Vicat softening point: 1 10 °C or above) 

5) PEA, PPA or PMa/PET 

6) PEA, PPA or PMa/PBT 

7) PEA, PPA or PMa/PEN 

8) PEA, PPA or PMa/FR 

9) PEA, PPA or PMa/HD, PP, TPX, PMa, PET, PBT, PEN or FR/PEA, PPA or PMa 

[0466] The adhesive layers for laminating the sublayers of the intermediate layers 13 of the foregoing multilayer 
construction by dry lamination are those used on the side of the inner layer relative to the barrier layer. 
[0467] An innermost layer 14 included in a lithium battery packaging laminated structure according to the present 
invention must be heat-adhesive, must be capable of being welded to the metal terminals 3 of a lithium battery module 
by heat-sealing as shown in Fig. 4(e) and must be unsusceptible to the injurious effect of a filler contained in a package 
formed from the lithium battery packaging laminated structure. It was known through studies that materials for forming 
the innermost layer 14 meeting such requirements are unsaturated graft poiyolefin resins, metal ion crosslinked poly- 
ethylene resins, copolymers of ethylene or propylene and acrylic acid derivatives, copolymers of ethylene or propylene 
and methacrylic acid derivatives, derivatives of those resins and mixtures of some of those resins. 
[0468] Preferably, the innermost layer 14 has a thickness in the range of 10 to 100 ^im, and formed of a material 
having a melting point of 70 °C or above and a Vicat softening point of 60 °C is satisfactory. Unsaturated graft poiyolefin 
resins are particularly satisfactory in adhesion to the terminals 3, heat resistance, cold resistance and workability (ease 
of forming pouches and emboss forming). 

[0469] When the thickness of the innermost layer 1 4 is less than 1 0 jam, gaps are formed between the battery pack- 
age and the terminals 3 and the battery package loses the barrier property. The adhesive strength between heat-sealed 
innermost layers 14 does not increase even if the thickness of the innermost layers is increased beyond 100 \xm and 
the thickness of the laminated structure increases and a package formed from the laminated structure needs an 
increased space for installation if the thickness of the innermost layer 14 is increased. 

[0470] Innermost layers 14 of a material having an excessively low melting point and an excessively low Vicat sof- 
tening point are not heat-resistant and not cold-resistant, adhesive strength between the innermost layers 14 and the 
terminals 3 are low and the package may be broken. 

[0471] The followings are possible resins for forming the innermost layer 14 of the lithium battery packaging lami- 
nated structure according to the present invention. 

Polypropylene Resins 

[0472] 

(1) Homopolypropylene resins (melting point: 150 °C or above, Vicat softening point: 140 °C or above) 

(2) Ethylene-propylene copolymers (melting point: 1 10 °C or above, Vicat softening point: 100 °C or above) 

• Random propylene resins 
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• Graft propylene resins 
Polyethylene Resins 
[0473] 

(3) Low-density polyethylene resins, medium-density polyethylene resins, high-density polypropylene resins, linear 
low-density polyethylene resins, ethylene-propylene-diene copolymers, ethylene-propylene-butene copolymers 
and ethylene-a-olefin copolymers (melting point: 90 °C or above, Vicat softening point 80 °C or above) 

(4) Acid-modified polyolefin resins (melting point: 90 °C or above, Vicat softening point: 80 °C or above) 

a) Ethylene-vinyl acetate copolymers 

b) Metal ion crosslinked polyethylene resins and metal ion crosslinked polypropylene resins 

c) Unsaturated graft polyolefin resins and derivatives of those resins 

• Unsaturated graft polyethylene resins 

• Unsaturated graft polypropylene resins 

• Unsaturated graft poly(methyl pentene) resins 

d) Copolymers of ethylene or propylene and methacrylic acid derivatives and copolymers of ethylene or pro- 
pylene and acrylic acid derivatives 

• Ethylene-methyl methacrylate copolymers (EMAA) 

• Ethylene-ethyl methacrylate copolymers (EM A) 

• Ethylene-methyl acrylate copolymers (EMAA) 

• Ethylene-ethyl acrylate copolymers (EEA) 

• Ethylene-acrylic acid copolymers (EAA) 

• Propylene-ethyl methacrylate (PMA) 

• Propylene-ethyl acrylate (PAA) 

[0474] The innermost layer 14 may be either a single-layer film of one of various resins, derivatives of those resins 
or mixtures of those resins or a multilayer film. 

[0475] The outermost layer 1 1 , the barrier layer 1 2, the intermediate layer 1 3 and the innermost layer 1 4 of the lam- 
inated structure 1 0 according to the present invention may be formed and the adjacent layers of the laminated structure 
1 0 may be bonded together by a T-die extrusion coating process, a tubular film extrusion process or a coextrusion proc- 
ess. When necessary, a secondary film may be formed by a coating process, an evaporation process, an ultraviolet cur- 
ing process or an electron beam curing process. The adjacent layers may be bonded together by a dry lamination 
process, an extrusion coating process, a coextrusion lamination process or a thermal lamination process. 
[0476] The layers on the outer side of the barrier layer 12 may be laminated by dry lamination using an ordinary 
adhesive for dry lamination. Preferably, adhesives of compositions, which will be described below, are used for laminat- 
ing the layers on the inner side of the barrier layer 12. 

[0477] When the laminated structure 1 0 for forming a lithium battery package is formed by a dry lamination process, 
it is possible that the layers are separated by the agency of a polycarbonate solvent contained in the electrolyte of the 
lithium battery module and the layer bonded to the inner surface of the barrier layer 12 is separated by the agency of 
hydrofluoric acid produced by the interaction of the lithium salt and water. The inventors of the present invention found 
through earnest studies that the separation of the layers and the separation of the layer from the surface of the barrier 
layer can be prevented and a laminated structure having excellent heat resistance can be formed by laminating the lay- 
ers on the inner side of the barrier layer 1 2 of the laminated structure 1 0 by dry lamination using an adhesive of the fol- 
lowing composition. 

[0478] The adhesive is a two-part adhesive including a resin and an accelerator. The resin is a blended resin of a 
polyester resin consisting of an acid component containing at least two of sebacic acid, isophthalic acid, terephthalic 
acid, octanedioic acid, nonanedioic acid, undecanedioic acid and palmitic acid, and an alcohol component containing 
at least one of ethylene glycol, hexanediol and diethylene glycol, and a bisphenol A-type epoxy resin. The accelerator 
contains a polyisocyanate component (TDI, MDI, IPDI, HDI or XDI). The chemical resistance and organic solvent resist- 
ance of the adhesive can be further enhanced by the proper addition of silicon dioxide, calcium carbonate, zinc, minium, 
lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and/or barium zinc chromate to 
the adhesive. 

[0479] The following are two representative methods of forming the laminated structure 1 0 of the present invention 
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consisting of the three layers. 

1 ) A method that forms a laminated structure of the outermost layer 1 1 and the barrier layer 12 as a first substruc- 
ture by extrusion coating or thermal lamination, and laminates the first and the barrier layer by dry lamination. 

5 2) A method that laminates the outermost layer 11, the barrier layer 1 2 and the innermost layer 1 4 by dry lamina- 
tion. 

[0480] Adhesives of compositions according to the present invention are used for dry lamination. 
[0481 ] The following are two representative methods of forming the laminated structure 1 0 of the present invention 
w consisting of the four layers. 

(1 ) A method that forms a laminated structure of the outermost layer 1 1 and the barrier layer 1 2 as a first substruc- 
ture and a laminated structure of the intermediate layer 13 and the innermost layer 14 as a second substructure 
separately by optional methods, and laminates the first and the second substructures by dry lamination. An adhe- 
15 sive of a composition according to the present invention is used for laminating the intermediate layer 13 and the 
innermost layer 14 by dry lamination. 

2) A method that laminates the outermost layer 1 1 , the barrier layer 1 2, the intermediate layer 13 and the innermost 
layer 14 by dry lamination. Adhesives of compositions according to the present invention are used for laminating 
the barrier layer 12 and the intermediate layer 13, and the intermediate layer and the innermost layer 14 by dry lam- 

20 ination. 

[0482] Either method may be used. 

[0483] The intermediate layer 1 3 may be coated with a thin film impermeable to gases, liquids and ions to prevent 
the permeation of the components of the electrolyte through the barrier layer 12 and to secure stable adhesive strength. 
25 The thin film may be a metal thin film, such as an aluminum film, or a metal oxide film, such as an aluminum oxide or a 
tin oxide film, formed by a sputtering process, a chemical vapor deposition process or a physical vapor deposition proc- 
ess or a resin film, such as a vinylidene chloride film, formed by a coating process. 

Examples 

30 

[0484] Examples of laminated structures according to the present invention for forming pouches and embossed 
cases will be described. In the following description, films and processes will be represented by the symbols specified 
in the description of the foregoing embodiments and the following symbols. 

35 Additional Symbols 

[0485] 

RAM-PP: Random polypropylene film 

40 

[0486] Numeral appended to a symbol standing for a layer of the laminated structure indicates the thickness (^im) 
of the layer and a symbol // stands for coextrusion. 
[0487] The following are adhesives for dry lamination. 

45 DL-1 : Takerakku A969V/A-5 (Takeda Yakuhin Kogyo K.K.), an adhesive containing a polyether resin as a principal 
component DL-2: A polyester polyurethane resin as a principal component containing a carboxylic acid, such as 
sebacic acid, isophthalic acid orterephthalic acid, a glycol, such as ethylene glycol or hexadiol, isocyanate (IPDI) 
and an epoxy resin containing bisphenol A, and an accelerator, such as trimethylolpropane, a glycol, such as pro* 
pylene glycol, dipropylene glycol, glycerin or 1 ,3-butanediol, isocyanate (TDI) orTDA. 

50 

Laminated Structures for Pouches Example 1 

[0488] A 12 thick biaxially oriented polyester film and a 20 jim thick aluminum foil were laminated by dry lami- 
nation using the adhesive DL-1. A 12 jxm thick biaxially oriented polyester film was laminated to the aluminum foil by 
55 dry lamination using the adhesive DL-2. A 50 \m\ thick unsaturated graft propylene film was laminated to the biaxially 
oriented polyester film by dry lamination using the adhesive DL-2 to complete a laminated structure (1) in Example 1 . 
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Laminated structure (1) 
[0489] 

5 OPET1 2/DL-1 /AL20/DL-2/OPET1 2/DL-2/PPA50 

Example 2 

[0490] A 12 jim thick biaxially oriented polyester film and a 20 jim thick aluminum foil were laminated by dry lami- 
w nation using the adhesive DL-1 to form a laminate A. A 20 jim thick unsaturated graft polypropylene film, a 12 urn thick 
biaxially oriented polyester film and a 50 ujti thick unsaturated graft polypropylene film were laminated by dry lamination 
using the adhesive DL-2 to form a laminate B. The aluminum foil of the laminate A and the 20 jim thick unsaturated graft 
polypropylene film of the laminate B were bonded together by thermal lamination to complete a laminated structure (2) 
in Example 2. Conditions for the thermal lamination process were temperature: 220 °C, pressure: 0.5 MPa and line 
is speed: 30 m/min. 

Laminated structure (2) 

[0491] 

20 

OPET12ADL-1/AL20/RyPPA20/DL-2/OPET12/DL-2/PPA50 
Example 3 

25 [0492] An acid-resistant film was formed on a 20 urn thick aluminum foil by a phosphating process. A 12 jim thick 
biaxially oriented polyester film was laminated to the aluminum foil by dry lamination using the adhesive DL-1 to form a 
laminate A. A two-layer film of a random polypropylene film and a homopolypropylene film was formed by coextrusion 
and the random polypropylene film of the two-layer film formed by coextrusion was bonded to the aluminum foil of the 
laminate A by dry lamination using the adhesive DL-2 to complete a laminated structure (3). 

30 

Laminated structure (3) 
[0493] 

35 OPET12^)L-1/AL20^Tr-Ac/DL-2/RAM-PP5//PH55 
Laminated Structures for Embossed Packages 
Example 4 

AO 

[0494] A 12 urn thick biaxially oriented polyester film, and a 15 pm thick biaxially oriented nylon film and a 50 jim 
thick aluminum foil were laminated in that order by dry lamination using the adhesive DL-1 to form a laminate A. A 16 
jim thick polyester film was laminated to the aluminum foil of the laminate A by dry lamination using the adhesive DL-2, 
a 50 jim thick unsaturated graft polyethylene film was laminated to the polyester film by dry lamination using the adhe- 
45 sive DL-2 to complete a laminated structure (4). 

Laminated structure (4) 

[0495] 

50 

OP ET1 2/DL-1/ON 1 5/DL-1 /AL50/DL-2/P ET1 6/DL-2/PEA50 
Example 5 

55 [0496] A 12 jim thick biaxially oriented polyester film, a 15 jim thick biaxially oriented nylon film and a 50 jim thick 
aluminum foil were laminated in that order by dry lamination using the adhesive DL-1 to form a laminate A. A 20 jam 
thick unsaturated graft polyethylene film, a 1 6 jim thick biaxially oriented copolyesterfilm and a 50 jim thick unsaturated 
graft polyethylene film were laminated in that order by dry lamination using the adhesive DL-2 to form a laminate B. The 
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aluminum foil of the laminate A and the 20 \m\ thick graft polyethylene film of the laminate B were bonded together by 
a thermal lamination process to complete a laminated structure (5). Conditions for the thermal lamination process were 
temperature: 230 °C, pressure: 0.3 MPa and line speed: 25 m/min. 

5 Laminated structure (5) 
[0497] 

PET12/DL-1/ON15/DL-1/AL5Qn-L7PEA20/DL-2/OPET16/DL-2/PEA50 

10 

Example 6 

[0498] A 6 pm thick polyester film, a 15 urn thick biaxially oriented nylon film and a 50 urn thick aluminum foil proc- 
essed by a treatment using a chromic-phosphoric solution containing calcium carbonate were laminated in that order 
15 by dry lamination using the adhesive DL-1 to form a laminate A. A two-layer film of a random polypropylene film and a 
homopropylene film was formed by coextrusion and the random polypropylene film of the two-layer film was bonded to 
the aluminum foil of the laminate A by dry lamination using the adhesive DL-2 to form a laminated structure (6). 

Laminated structure (6) 

20 

[0499] 

OPET12^L-1/ON15/DL-1/AL50/Tr-Co-PAc-cr/DL-2/PR5//PH25 

25 [0500] The PET16 as an intermediate layer in the laminated structures (4) and (5) is a polyethylene terephthalate 
copolymer. 

[0501] The adhesive DL-2 having a composition according to the present invention was used for bonding together 
the layers on the side of the innermost layer 14 with respect to the barrier layer 12 in the laminated structures (1) to (6) 
and the adhesive DL-1 of an ordinary composition was used for bonding together the layers on the outer side of the bar- , 
30 rier layer. 

[0502] Pouches and embossed cases were made from the laminated structures (1 ) to (6), and lithium battery mod- 
ules were sealed in the pouches and the embossed cases, respectively, to form lithium batteries and the lithium batter- 
ies were tested. The laminated structures satisfied all the requirements of the lithium battery package. 
[0503] The laminated structures formed by using the adhesive of the composition according to the present inven- 

35 tion were used as lithium battery packaging laminated structures. The laminated structures were not delaminated by 
the agency of a polycarbonate solvent contained in the lithium battery modules and each of the layers bonded to the 
surface of the barrier layer on the side of the innermost layer was not separated by the adverse effect of hydrofluoric 
acid produced by the interaction of a lithium salt contained in the lithium battery module and moisture penetrated into 
the lithium battery. The lithium battery formed by sealing a lithium battery module in a pouch formed from the lithium 

40 battery packaging laminated structure of the present invention was flexible, was lighter than a lithium battery employing 
a metal can, could be formed in a small thickness and reduced space necessary for containing a battery. The battery 
packaging laminated structure of the present invention had a high barrier property, was capable of maintaining the bar- 
rier property for a long time and was excellent in heat resistance, cold resistance and chemicals unsusceptibility. 

45 Seventh Embodiment 

[0504] A seventh embodiment of the present invention will be described hereinafter. The seventh embodiment is 
substantially the same as the sixth embodiment previously described with reference to Figs. 1 to 6, except that lami- 
nated structures in the seventh embodiment are different from those in the sixth embodiment only in construction. 
so Therefore, the seventh embodiment will be described with reference to Figs. 1 to 6, in which parts like or corresponding 
to those of the sixth embodiment are denoted by the same reference characters and the description thereof will be omit- 
ted. 

[0505] A protective layer 15 may contain a phosphate film forming substance, such as zinc phosphate, iron phos- 
phate, manganese phosphate, calcium phosphate, chromium phosphate or silica phosphate, a fluoride film forming 
55 substance, titanium fluoride or zinc fluoride and/or an adhesive property improving substance for improving the adhe- 
sive property of an aluminum foil, such as a coupling agent, a silane coupling agent, an organotitanium coupling agent 
or an organoaluminum coupling agent 

[0506] The chemical resistance and organic solvent resistance of the protective layer 15 can be further improved 
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by adding silicon dioxide, calcium carbonat , zinc, minium, lead suboxide, zinc oxide lead cyanamide, zinc chromate, 
barium potassium chromate or barium zinc chromate to the protective layer 15. Silicon dioxide, calcium carbonate, zinc, 
minium, lead suboxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and barium zinc chro- 
mate are capable of reacting with hydrogen fluoride (HF) produced by the interaction of an electrolyte and moisture to 
5 absorb and adsorb hydrogen fluoride and of preventing the corrosion of a barrier layer (aluminum foil) by hydrogen flu- 
oride. 

[0507] Preferably, an innermost layer 14 included in a lithium battery packaging laminated structure according to 
the present invention is formed of a resin having a melting point of 70 °C or above and a Vicat softening point of 60 °C 
or above, such as an olefin resin, an unsaturated graft polyolefin resin, a metal ion crosslinked polyethylene resin, a 
10 copolymer of ethylene or propylene and an acrylic acid derivative, a copolymer of ethylene or propylene and a meth- 
acrylic acid derivative, a derivative of one of those resins or a mixture of some of those resins, and has a thickness of 
20 urn or above. 

[0508] When forming a pouch or an embossed case, terminals 3 of a lithium battery module are sandwiched 
between the innermost layers 1 4 and the innermost layers 14 are welded together to form a sealed system. However, 

is welded portions of the olefin resin forming the innermost layers becomes brittle and cracks and pinholes are liable to 
be formed therein. The thickness of the innermost layer is reduced by a value corresponding to the thickness of tabs 
covering the terminals when the innermost layers are welded to the tabs to prevent forming pinholes. If the innermost 
layer is formed of a single layer of an olefin resin having a high melting point to enhance the heat resistance of the inner- 
most layer, a high pressure and heat of a high temperature must be applied for a long time to the innermost layers to 

20 weld the innermost layers together by welding. Such a welding process deteriorates the characteristic of the lithium bat- 
tery module and deteriorates the function of the battery package by causing the shrinkage of the other component layer, 
such as the outermost layer of a polyester resin or a nylon resin, by heat. 

[0509] The inventors of the present invention made studies to solve such a problem and found that it is effective in 
solving such a problem to form the innermost layer 14 in a multilayer structure consisting of a first layer 14a and a sec- 
25 ond layer 14b. More concretely, the following multilayer structures can be used as the innermost layer. 

(1) Film of an olefin resin or a derivative of an olefin resin/Unsatu rated graft polyolefin film 

(2) Film of an olefin resin or a derivative of an olefin resin/film of a copolymer of ethylene and an acrylic acid deriv- 
ative or a copolymer of ethylene and a methacrylic acid derivative 

30 (3) Film of an olefin resin or a derivative of an olefin resin/Metal ion crosslinked polyethylene or metal ion 
crosslinked polypropylene film 

[0510] The following are representative olefin resins. 

35 a) Polypropylene resins 

1) Homopolypropylene (melting point: 150 °C or above, Vicat softening point: 140 °C or above) 

2) Ethylene-propylene copolymer (random propylene or graft propylene copolymer having a melting point of 
1 1 0 °C or above and a Vicat softening point of 1 00 °C or above) 

40 

b) polyethylene resins 

3) Low-density polyethylene, medium-density polyethylene, high-density polyethylene, linear low-density poly- 
ethylene, ethylene-propylene-diene copolymer ethylene-propylene-butene copolymer and ethylene-a-olefin 

45 copolymer produced through polymerization using a single-site catalyst (melting point 90 °C or above, Vicat 

softening point: 80 °C) 

[0511] Acid-denatured polyolefin resins (melting point: 90 °C or above, Vicat softening point: 80 °C) 

so a) Ethylene-vinyl acetate copolymers 

b) Metal ion crosslinked polyethylene, metal ion crosslinked polypropylene 

c) Unsaturated graft polyolefins including unsaturated graft polyethylene, unsaturated graft polypropylene and 
unsaturated graft poly(methyl pentene), and derivatives of those polymers 

d) Copolymers of ethylene or propylene and methacrylic acid derivatives or acrylic acid derivatives, including eth- 
55 ylene-methyl methacrylate copolymers (EMMA), ethylene-ethyl methacrylate copolymers (EMA), ethylene-methyl 

acrylate copolymers (EMAA), ethylene-ethyl acrylate copolymers (EEA), ethyiene-acrylate copolymers (EAA), pro- 
pylene-ethyl methacrylate (PMA) and propylene-ethyl acrylate (PAA) 
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[0512] The following multilayer structures may be used as the multilayer Innermost layer 14. 

(1) Low-d nsity po^ethylene or linear low-density polyethylene/Copolymer of ethylene and a methacryllc acid 
^n^oX™^- of propylene and a methacrylic acid derive or an acrylic acid 

^Tow-density polyethylene or linear low-densrty polyethylene/Metal crosslinked polyethylene 

(4) Ethylene-propylene copolymer/Metal crosslinked propylene 

(5) Random propylene/Unsaturated graft homopropylene 

(6) Graft propylene/Unsaturated graft homopropylene 

(7) Homopropylene/Unsaturated graft random or graft propylene 

(8) Random or graft propylene/Homopropylene 

(9) Ethylene-propylene copolymer/Polyethylene/ethylene-propylene copolymer 

(10) Ethylene-propylene copolymer/Polyethylene/Unsaturated graft polyethylene 

[0513] The outermost layer 1 1 , the barrier .ayer 12, the intermediate layer 1 3 and the innermost t layer 14 of thelitfv 
urn battery packaging laminated structure according to the present invention may be formed and laminated by a T die 
riiston orocess a tubular film extrusion process or a coextrusion process. When necessary, a secondary film may be 
IS ESS evaporation process, an ultraviolet curing process or an electron beam cunng process 
SSS tS adjacent layers may be bonded together by dry lamination, extrusion coating, coextrus,on lamination or 

Sf "ible adhesh/es for dry lamination are pohyester adheres, polyethylene-imine adhesives, polyether 
Eves ^o^SrXLs^ane adhesfces, organic tftanium compound adhesives, Po*^-»™ 
adnfsvet eTxv adhesives polyester-urethane adhesives, imide adhesives. isocyanate adhesives, polyolefin adhe- 
SZZZJEZ adhes^ An adhesive of the foregoing composition is used for laminating the layers of a laminated 
ctnirtnrp on the side of the inner layer with respect to the barrier layer. 

lamination using an adhesive of the following composition. „^i. mt «r The 

Sm The adhesive is a two-part adhesive including a resin as a principal component, and an accelerator The 
es in lntaTs a ca* S acid such as sebacfc acid, ispphthalic acid, terephthailc acid, octanedioic acid, nonanedio, 
ST —edicte add or palmitic acid, a glycol, such as ethylene glycol, hexanediol or ,e thy en, , g £ and a iso- 
cyanate. such as IPDI. The accelerator contains a glycol, such as trimethylolpropane. propylene glycol, dipropylene gly 
col, glycerin or 1 ,3-butanediol, isocyanate (TDI), and TDA. 

[0518] At least one of silicon dioxide (Si0 2 ), calcium carbonate, zinc, minium, zinc suboxide zinc oxide lead I cyan 
amide 1 zinc chromate. barium potassium chromate and barium zinc chromate may be added te 
lamination for the further improvement of chemical resistance and organic solvent resistance. Silicon dioxide, calcium 
caTonate " rrtl zinc suboxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate and 
l£2% ZZx* are capable of reacting with hydrogen fluoride (HF) produced by the interaction of an electrolyte 

ayer The ££££ ute, side of the barrier layer may be laminated by a dry lamination process using an ordinary 
lamination. An adhesive film having a thickness of about 1 urn and formed of one of polyester adhe- 
Ses oolveiieT adhesives urethane adhesives. polyether-urethane adhesives. polyester-urethane adhesives isocy- 
anate a dSves Joty efSn adhesives. polyethylene-imine adhesives. cyanoacrylate adhesh.es organic t.tan,um 
, co™oSX8iv7epoxy adhesives, imide adhesives, silicone adhesives, derives of those adhesives and m.x- 
turas o IT of M adheres may be used when laminating the adjacent layers by extrusion laminat.cn to stabilize 
iTa^^ntfl. between the layers orthe layers may be subjected to a surface activatmg process, such as an 

S i0n ^unsaturated graft polyolefin resin used for coextrusion lamination or thermal lamination improves adhe- 
5 sive property and resistance to the injurious effect of the package filler. 
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Examples 



Swhi SSSS stm T s according t0 the present invention ,or formin 9 p° uohes and 

cases will be descnbed. In the following descr.pt.on, materials of films and processes will be represented by the svm- 
s bols specified in the description of the foregoing embodiments. M ^ 

[0522] The following are adhesives for dry lamination. 

co L m 1 po^r kkU A969WA " 5 YakUhi " K09y ° K - K °' 8n SdheSiVe C ° ntainin 9 a poi * ether resin - a Nncipa. 

10 DL-2: A polyester polyurethane resin as a principal component containing a carboxylic acid, such as sebacfc acid 
isophthahc acd or terephthalio acid, a glycol, such as ethylene glycol or hexadiol, feocyana e JlPDO and an ™ 
res.n conta.nmg b.sphenol A, and an accelerator, such as trimethylolpropane, a glycol such as p mpllen S? 
dipropylene glycol, glycerin or 1 ,3-butanediol, isocyanate (TDI) and TDA " as propylene glycol, 

is Laminated Structures for Pouches 

Example 1 

^ E ...inn th! ^ thiCk nf f POlyeSter film 3nd 3 20 ^ thick aluminum foil ««» 'abated by dry lami- 
« nat.on using the adhesive DL-1 to form a laminate A. A coextruded film of a random polypropylene film and an unsatu- 
rated graft polypropylene film was formed by coextrusion. A 12y.m thick biaxial* oriented «ZKS 

ZZZSTF ? ' aminate A ^ ** ' aminati0n Sin9 the adhesive DL " 2 The ^dL Polyp^ne m of he 



25 

Laminated structure (1) 
[0524] 

30 OPET1 2/DL-1/AL20/DL-2/OPET1 2/DL-2 /PR30//PPA20 
Example 2 



40 



2, . A ,^ 2 r, thlck b 'f ial| y oriented P o| y e ^r film and a 20 urn thick aluminum foil were laminated by dry lami- 
nate using the adhesive DL-1 to form a laminate A. A 20 urn thick unsaturated graft po^pmpylene film a 12 urn htek 

ZTn^ST^ 3 C ° eXtmded f " m ° f 3 rand ° m P 0| yP^ne film and'an unrated gmftX o 
pylene f.lm were lam.nated by dry lamination using the adhesive DL-2 to form a laminate B The aluminum foVofTe 
lamina e A and the 20 ^m thick unsaturated graft polypropylene film of the laminate B were bonded toSTbJi mal 

perature: 250 °C, pressure: 0.6 MPa and line speed: 20 m/min. 



45 



Laminated structure (2) 
[0526] 

OPET12A3L-1/AL20/TL/PPA20/DL-2/OPET12/DL-2/PR25//PPA25 
Example 3 



25 . An a ° ld - | ' esistant film was form ed on a 20 jun thick aluminum foil by a phosphating process A 12 urn thick 
b.ax,ally onented popster film was laminated to the aluminum foil by dry lamination using the adhesive DL 1 toTor^ a 
lam.nate A. A coextruded film of a random polypropylene fi^^ 

ri a r A t; p ? ypropy,ene fiim of the ,wo - iayer ,i,m ,ormed * ~ * ^t^tjz 

laminate A by dry lammat.on using the adhesive DL-2 to complete a laminated structure (3). 
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Laminated structure (3) 
[0528] 

5 OPET1 2^)L-1/AL20/Tr-Ac/DL-2/RAM-PP5//PH25 

Laminated Structures for Embossed Packages 
Example 4 



w 



15 



[0529] A 12 nm thick biaxially oriented polyester film, and a 15 m thick biaxially oriented nylon film "nd a SDjun 
thick aluminum foil were laminated in that order by dry lamination using the adhesive ^*|* 0 ^™ * '^' n ^ g urn thtck 
truded film of a polyethylene film and an unsaturated graft polyethylene film was formed b y coextrusion. A 1 6 urn th ck 
polyester film was laminated to the aluminum foil of the laminate A by dry lamination using the .adhesive DL-2 and he 
polyethylene film of the coextruded film was laminated to the 16 urn thick polyester film by dry lam.nation using the 
adhesive DL-2 to complete a laminated structure (4). 



Laminated structure (4) 
20 [0530] 

OPET120L-1/ON15/DL-1/AL50/DL-2/PET16/DL-2/PE30//PEA20 



Example 5 



25 



30 



40 



r0531] A 12 urn thick biaxially oriented po^esterfilm, a 15 urn thick biaxially oriented nylon film and a 50 M-m thick 
aluminum foil were .aminated In that order by dry lamination using the adhesive DL-1 to form . .lamina u , A. A 20 urn 
thick unsaturated graft polypropylene film, a 16 urn thick biaxially oriented copolyeste, -Mm and a 5 
truded film of a polyethylene film and an unsaturated graft polyethylene film were laminated in that order by dry lamina 
tion using the adhesive DL-2 to form a laminate B. The aluminum foil of the laminate A and the 20 urn thick gmft , 
polyethylene film of the laminate B were bonded together by a thermal laminaton process to complete a ^nated 
structure (5). Condttions for the thermal lamination process were temperature: 200 to 250 °C, pressure: 0.6 MPa and 
line speed: 25 m/min. 

35 Laminated structure (5) 

[0532] 

PET12/DL-1/ON15/DL-1/AL50yTLyPPA20/DL-2/PET16/DL-2/PE25//PEA25 
Example 6 

[0533] A 3 urn thick acrylic resin film was formed by a coating process on an outer surface of a 15 urn thick biaxially 
oriented nylon film. A 50 urn thick aluminum foil surface-treated with a chromium phosphate solution containing calc urn 
carbonate and the 15 urn thick biaxially oriented nylon film were laminated by dry lamination using the adhere DL-1 
to form a laminate A. A coextruded film of a random polypropylene film and a homopropylene « m ^. fe ^ n ^~ 
trusion, and the random polypropylene film of the coextruded film was bonded to the aluminum foil of the laminate A by 
dry lamination using the adhesive DL-2 to form a laminated structure (6). 

so Laminated structure (6) 

[0534] 

OP ET1 2/DL-1 /ON 1 5/DL-1 /AL50/Tr-Co-PAc-cr/DL-2/P R5//PH25 

F05351 The PET1 6 as an intermediate layer in the laminated structures (4) and (5) is a copolyester film. 
[0536] Although the adhesive DL-1 may have any composition, the adhesive DL-2 has a composition spec.fied by 
the present invention. 
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Whereas cracks are formed in the single-layer innermost layer of a resin capable of being bonded to metal members 
any cracks were not formed in the multilayer innermost layer of the laminated structure of the present invention and the 

mZ £h ^' Um * P 9 ' n9 ' aminated StrUCtUre 0f the present invention was flexible . was lighter Ln a 
rthium battery employing a metal can, could be formed in a small thickness and reduced space necessary for contan 

2 n S b ?? 6 T PaCka9in9 ' aminated StnJCtUre ° f the present lnvention nad a ni 9 h barrier property, was capa- 

iirsar" property ,or a ,on9 time and was exce,ient in heat resistance ' c °~<* L 



Eighth Embodiment 

!°?ZL ei9Mh embodiment of »» P resent invention will be described with reference to Figs. 10 to 1 7 Fias lOfal 
£„2^IT a po^ch according to the present invention, in which Fig. 10(a) is a perspective view of two films to be 
pined together by heat-seal.ng, Fig. 1 0(b) is a view of a pouch formed by heat-sealing, Fig. 1 0(c) is an enlarged sec 

STiTiTTim T " F ' 9 - 1 ° (b) F ' 9 ' 1 ° (d) ' S an 6nlarged SeCti0nal View ' ate " °" ,ina X^X 2 In F?g 1 0(b). 
F gs. 11(a) to 11(c) show an embossed case according to the present invention, in which Fig. 11(a) is a perfective 
view of an embossed container and a cover to be joined to the embossed container, Fig. 1 1 (b s an LbSssed cte 

n^Ro u SST 8 * e rV° * e C ° ntainer> R9 - 11 (C) iS an en,ar9ed sectional view ta ' e " °" *i X 3 x" n g 1l?b 
and F g. 1 1 d) is an enlarged sectional view taken on line X 4 -X 4 in Fig. 1 1 (b). Fig. 12(a) is a typical sectional view of a 

13fb 'LTn r m 'T Smi ° tUre 3 ? d 12(b) " 3 ^ S6Cti0nal View of a 'aminated Icture. Figs 13 a] a d 

4 S * ! V T 0 8 lithiUm b3ttery empl0yin9 3 P0UCh aCCOrdin 9 10 the present in ™«°"- Figs. 14 a and 

14(b) are typical views of assistance in explaining a sealed system having a package formed from an impermeable 
packaging laminated structure and penetration of moisture into the sealed system, in which Fig. ESJTSSS 
view of a sealed system and Fig. 14(b) is an enlarged view of a portion Y in Fig. 14(a). Fig. l 5 ?a) is a pfa v£ o7 a 

line Z Z in Rg 5(a). Figs. 16(a) to 16(e') are views of lithium batteries employing pouches according to the present 
invention ,n which Figs. 16(a) and 16(a') are views of a three-sided seal pouch Rgs. 16(b) and 1 S are Zt o 

SITS I7?r h ^ RgS ; 16(C)> 16(C<) ' 16(d) ' 16(d,) ' 16(S) and 16 < e '> are «™ - P»» £ 

17(a) and 17 (a) are views of a container included in an embossed case, Figs. 17(b) and 17(b') are views of a 

embossed case formed by joining together a pair of containers, and Rgs. 1 7(c) and 1 7(d re views o batteri Thavmg 
tabs projecting outside from different positions. queries naving 

[0538] Alaminatedstructure110accordingtothepresentinventionshowninFig.12(a)hasabaselayer111 abar- 

^ 113. which are superposed and laminated in that order. 5SK 
110 according to the present mvenrjon shown in Fig. 12(b) has a base layer 1 1 1 , a barrier layer 1 12 an intermediate 
ml 1 1 T 3 ^T 6 ^ r6Sin ' ayer 1 13 > Which are superposed and '^'nated in that ord'er. tS £2Ti 1 ?2 
lithium battery packaging pouches (packages) and the like. arming 

EL 1 , 0 B ^ iCa "l! he .? a ! e ,ayer 1 1 1 fe formed ° f an inSU ' atin9 resin laver because the sama touches devices (hard- 
ware) In use. Desirably, the base layer 1 1 1 is an oriented polyester or nylon film of a thickness of 6 m or above i view 
of preventing the formation of pinholes while the laminated structure is processed 

[0540] The barrier layer 1 12 must have a high barrier property. Preferably, the barrier layer 1 12 is formed from a 

ore t^ZZT "'"I °, r a fi ' m With 3 metal fNm ° r an inor 9 anic oxide '°™ d b y evaporators A 

preferable metal foil ,s an alummum foil having a thickness of, for example, 1 5 pm or above and an iron content of 0.5% 

STL S 8 ^' 6 h l Vin9 3 barri6r Pr ° Perty are Vinylidene Chl0ride ,ilms ' ^lonitrile films and fluorocarbon 
silicon dioxide, deposited by evaporation may be used as the barrier layer 

Et .n^H inatSd T? 1 1 °' ^ interTnediate ,aver 1 15 - Desirabfy, the intermediate layer 1 1 5 includes 
at least one layer having a thickness of 1 0 urn or above and formed of a polyester resin, a polyolefin resin a nylon resin 

Z r ZZ ZT? Pr6Vent T* (Sh ° rt drCUit) betWee " tabs T 0f 3 lithium battef y ™ d "' a 121 and th S 

oTin Ue 12 2 H 6n K 8 P ° UC I'' f0rmed ,r ° m ^ ,amina,ed StmCtUre 1 1 °'' the litnium ba «<^ module 12 1 is 

mel SIS?,!* 2 '"k f S K aled P ? rti ° nS 124 ^ f0mied by heat " Sea,in9 10 form a lrthium ba «ery 120. The inter- 
mediate layer 1 15 may be of either single-layer construction or multilayer construction 

[0543] When the laminated structure 110 or 110' is used for forming a package for a lithium battery the heat-adhe- 
sive resm layer 113 must be capable of being bonded to the tabs T of a lithium battery module he2-«siZ t coto 
resistant and workable (easy to be worked to form pouches or easy to be formed). DeLbfy the h£Z£ St 

nit' S S V ' ,ng k 9 thiCkn6SS ° f 20 " m ° r 8b0Ve and f ° rmed ° f a " UnSatUrated graft PoJotefi resting 
melting point of 80 «C or above and a Vicat softening point of 70 or above, such as an unsaturated graft pofyethylene 
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resin, an unsaturated graft polypropylene resin or an unsaturated graft poly(methyl pentene) resin. 
[0544] When the thickness of the heat-adhesive resin layer 113 is less than 20 urn, gaps are formed in portions of 
the battery package near the opposite sides of the tabs T and the battery package loses the barrier property. If the heat- 
adhesive resin layer 1 13 is formed of a material having an excessively low melting point and an excessively low Vtcat 
softening point, the heat-adhesive resin layer 113 is not heat-resistant and not cold-resistant, the adhesive strength 
between the heat-adhesive resin layers 1 13, and the adhesive strength between the heat-adhesive resin layer 1 13 and 
the tabs T are low and the package may break. 

[0545] The component layers 1 1 1 , 1 1 2, 1 1 3 and 1 1 5 of the laminated structure according to the present invention 
may be processed by a surface activating or a surface inactivating process, such as a corona discharge process, a 
blasting process, an oxidizing process or an ozonation process, to improve and stabilize properties needed for film for- 
mation, lamination and final product forming (embossing or pouch fabrication) or at least one of organic and inorganic 
metal additives including a moisture-absorbent substance, such as a desiccant, a gas-impermeable and gas adsorbing 
agent impermeable to and capable of adsorbing gases, such as oxygen gas and nitrogen gas, a flame retarder, an anti- 
static agent, such as carbon, a surface-active agent or an inorganic oxide, a conductive material and an electromag- 
netic shielding material may be added to the component layers or a liquid containing at least one of those materials may 
be applied in a coat to the component layers. 

[0546] When the laminated structures 1 10 and 11 0 1 are used for forming packages for lithium batteries, the lami- 
nated structures 1 1 0 and 1 1 0' must be highly moisture-proof. Packages for lithium batteries are expected to meet the 
following requirements relating to impermeability. 

(1) Allowable moisture penetration: 

350 ppm/w or below at 60 °C and 95% RH in one month 

(2) Adhesive strength between the component layers: 

100 g/15 mm or above after storage at 60 °C for one month after electrolyte filling 

(3) Electrolyte evaporation: 

10 mg or below after storage at 60 °C for one month 

[0547] The requirement (2) specifying an necessary adhesive strength between the component layers must be met , 
to avoid the deterioration of the moisture-proof property due to the separation of the bonded layers caused by a sub- 
stance produce by the Interaction between a component of the electrolyte and moisture penetrated the package and is 
a requisite condition for the moisture-proof property of the package. 

[0548] The requirement (3) relates to an ability to suppress the dissipation of the components of the electrolyte, 
which is one of the effects of the present invention. 

[0549] The following are causes that allow the penetration of moisture into the pouch (package) 1 22, 

(a) Insufficient moisture-impermeability of the layers of the laminated structure forming the package 122 and pin- 
holes in the layers 

(b) Improperly joined heat-bonded portions formed in the package 122 formed from the laminated structure 

[0550] The penetration of moisture into the package 1 22 attributable to the cause (a) can be perfectly or nearly per- 
fectly prevented by properly determining the material and the thickness of the barrier layers 1 1 2 of the laminated struc- 
tures 110 and 110'. However, slight penetration of moisture into the package 122 attributable to the cause (b) is 
unavoidable as long as a heat-adhesive resin layer is exposed in a cut edge of the laminated structure forming the pack- 
age 1 22. 

[0551] The inventors of the present invention found through studies to improve the moisture-proof property of a 
package sealed by heat adhesion that the permeation of moisture through the edge of a sealed part of a package can 
be greatly reduced when the thickness of bonded portions of the laminated structure is 1/2 or below that of the same 
portions before bonding and have made the present invention on the basis of the finding. 

[0552] In the pouch 1 22 (package of a lithium battery) formed from the laminated structure 1 1 0 or 1 1 0', the thick- 
ness of the heat-adhesive layer 113, i.e., the innermost layer, is 1/2 or below of the thickness of the heat-adhesive layer 
113 before bonding. 

[0553] Generally, the heat-adhesive layers 1 1 3 of the same thickness and the same material are bonded together 
by heat adhesion. When portions of heat-adhesive layers respectively having different thicknesses are heat-bonded 
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together in a bonded part to form a pouch, moisture is hardly able to permeate through a cut edge of the bonded part 
and the pouch is highly moisture-proof when the thickness of the bonded part is 1/2 or below of the sum of the thick- 
nesses of the heat-adhesive layers. 

[0554] The rate of penetration of moisture into the pouch formed from a laminated structure through an edge of the 
bonded part is dependent on the volume of the bonded part, particularly, on the volume of the portions of the innermost 
layers 113 corresponding to the bonded part. According to Fick's law, the rate of permeation of a polymer through a 
layer is proportional to the thickness of the layer provided that the moving distance of moisture is fixed. In a bonded part 
having a fixed area, the smaller the thickness of the innermost layer 113 after bonding, the less is the amount of mois- 
ture that penetrates the innermost layer 1 13. That is, when a sealed package is formed by bonding together the inner- 
most layers of a heat-adhesive resin of laminated structures as packaging laminated structures, the thickness D 0 of the 
innermost layers before bonding and the thickness D of heat-bonded portions of the same innermost layers must meet 
an inequality: D 0 /2>D, 

[0555] When the heat-adhesive resin layer (innermost layer) 1 13 has a fixed thickness, the rate of penetration of 
moisture through the edge of the bonded part and the permeation of moisture into the package 122 can be reduced by 
so heat-bonding the heat-adhesive layers together that the thickness of the heat-adhesive layers is reduced. Conse- 
quently, when the package 122 is used for packaging a lithium battery module, heat generation due to the moisture 
absorption of the electrolyte of the lithium battery module can be suppressed and stable electromotive force can be 
maintained. 

[0556] When the package according to the present invention is a sealed pouch, laminated structures 1 01 and 102 
(the laminated structures 1 1 0 or 1 1 0') are superposed with the heat-adhesive layers 1 1 3 thereof facing each other, and 
a heat-bonded part 124 is formed by joining together corresponding peripheral portions of the laminated structures 101 
and 1 02 by heat-bonding. Portions of the heat-adhesive layers in the peripheral part of the laminated structures 101 and 
102 before heat-bonding have thicknesses D 1 and D 2 , respectively, as shown in Fig. 10(c). Generally, = D 2 in lam- 
inated structures for forming pouches. According to the present invention, the portions of the heat-adhesive layers in 
the peripheral part of the laminated structures 1 01 and 1 02 are welded together by heat-bonding in a single layer of a 
thickness D 0 as shown in Fig. 1 0(d) so that the following inequality is satisfied. 

D 0 <(D 1+ D 2 )/2 

[0557] Figs. 1 1 (a) and 1 1 (b) show an embossed case 1 22 formed by bonding a peripheral part of a cover 1 03 to a 
flange formed in a container 104 having an embossed part 105 by heat-bonding. Materials for forming the container 1 04 
and the cover 1 03 of the embossed case are determined selectively taking into consideration necessary conditions. In 
a embossed case shown in Fig. 1 1 (c), the container 1 04 and the cover 1 03 are the same in construction and materials 
forming the component layers, and are different in the thickness of the heat-adhesive resin layers; the thickness D 2 of 
the heat-adhesive layer 1 13 of the laminated structure forming the container 104 is far greater than the thickness D 1 of 
the heat-adhesive layer 1 13 of the laminated structure forming the cover 103. 

[0558] The present invention is applicable also to the embossed case. When the cover 1 04 is heat-bonded to the 
flange 106 of the container 1 04 to form the bonded part 1 24 as shown in Fig. 1 1 (d), 

D 0 <(D 1 +D 2 )/2 

where D 0 is the thickness of a heat-bonded layer formed by heat-bonding the heat-adhesive layers of the container 1 04 
and the cover 1 03, and D 1 and D 2 are the respective thicknesses of the same heat-adhesive layers before bonding. 
[0559] Differing from the respective heat-adhesive layers of the laminated structures for forming pouches, the 
respective heat-adhesive layers of the laminated structure for forming the container 1 04 of the embossed case and the 
laminated structure for forming the cover 1 03 of the embossed case, in most cases, have different thicknesses, respec- 
tively. When the cover 103 is heat-bonded to the flange 106 of the container 104 to form the bonded part 124 meeting 
the foregoing condition, the effect of the embossed case is the same as that of the pouch. 

[0560] The following are possible laminated structures according to the present invention. In the following descrip- 
tion, films and processes will be represented by the symbols specified in the description of the foregoing embodiments 
and the following additional symbols. 

Additional Symbols 

[0561] 

CCP: Cast polypropylene film, Tr-EP: Acid-proofing treatment with an epoxy resin, Tr-EP-ME: Acid-proofing treat- 
m nt with an epoxy resin and a melamine resin and Tr-EP+POa: Acid-proofing treatment with a blended resin pre- 
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pared by blending an epoxy resin and an unsaturated graft polyolefin re 
Laminated Structures formed by Dry Lamination or Coextrusion Lamination 



5 Laminated Structures for Forming Pouches 



[0562] 

1.PET12/DL/ON15/DL7AL20-Tr-EP/DLyPET12yTDL/POa50 
10 2. PET12/EC/PE15/EC/AL20-Tr-EP/DUPET12/DUPOa50 
3 ON15/DL/AL20-Tr-EP/DLyPET12/DiJPOa50 

4. ON15/3C/PE15/EC/AL20.Tr-EP/DLyPET12/DL7POa50 

5. ON12/DL/AL20-Tr-EP-ME/DL/PET12/DL7POa50 

6. ON12/DLyAL20-Tr-EP+POa/DUPET12/DL;POa50 

15 

Laminated Structures for Forming Embossed Packages 



[0563] 

7 CPET1 6/DLyON15/Dl7AL20-Tr-EP/DL/CPET1 6/DL/POa50 
8. CPET16/EC/PE15/EC/AL20-Tr-EP/DL/CPET16/DLyPOa50 

9 ON25/DLyAL40-Tr*EP/DUCPET16/DL/POa50 

1 0 ON25/EC/PE1 5/EC/AL40-Tr-EP/DUCPET1 6/DLVPOa50 

1 1 . ON25/DUAL40-Tr-EP-ME/DL/CPET1 6/DL7POa50 

1 2. ON25/DiJAL20-Tr-EP+POa/DL/CPET1 6/DL/POa50 



Laminated Structures for Forming Pouches 



[0564] 

30 

1 . ON15/DL/AL20-Tr-EPyTUPOa20/DL/PET12^l7POa50 
2 ON25/DUAL20-Tr-Ep/TLyPOa20/EC/PET12ADUPOa50 

.. 3 ON15/DUAL20-Tr3P/TL/POa20/EC/PET12/EC/PET12/EC/POa50 
4. ON15/DL/AL20-Tr-EP/PL7POa20//PMa20//7PX20//PMa20//POa50 
35 5. ON15/DUAL20-Tr-POa^LyPOa20/DLyPET12ADL/POa50 
6. ON15/DUAL20-Tr-POa>TUPOa15//PP15//POa50 
7 ON15/DL7AL20-Tr-EP-ME^LyPOa20/EC/PET12^)L7POa50 
8.ON15/DL/AL20-Tr=EP+POan"i7POa20/EC/PET12/DLyPOa50 

40 Laminated Structures for Forming Embossed Packages 

[0565] Laminated structures for forming embossed cases are simiiar to the laminated structures for forming 
poucL, except that CPET is used instead of PET and hence on V representative laminated structures w.ll be enumer- 
ated. 

1 ON25/DL/AL40-Tr-EP/TL/POa20/DL/CPET16/DL/POa50 

2. ON25/DUAL40-Tr-EP/TL/POa20/EC/CPET1 6/DLrPOa50 

3. ON25/DL/AL40-Tr-EP/TL/POa1 5//PP15/POa50 

so [0566] Packages 122 according to the present invention for forming Itthium batteries are pouches or embossed 
cases The pouch may be a pillow^ype pouch, a three-sided seal pouch as shown in Fig 16(a) or a four-sided seal 
pouch a^ shown in Fig. 16(b) Each of those pouches fe sealed so that the tabs (terminals) T of the lith.um M»y 
Sect'^TZ 

side from any optional portions of the sealed part of the package 122. t . rin . 

55 XT As shown in Figs. 11(a). 17(a). 17(a'), 17(c) and 17(d). the embossed case 122 ^« 

having an embossed part 105 to contain a Itthium battery module 121 and a flange 1 06. and a cover 103 to be closely 
bonded to the flange 1 06 of the container 1 04. Preferabhy. the outermost layers 1 1 1 and/or t e ■ntermed.ate i layers 1 1 5 
of the laminated structures respective* forming the container 104 and the cover 103 are polyethylene or polybutylene 
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terephthalate copolymer films oriented at a low draw ratio. When such copolymer films are used, the container 104 can 
be formed in a rectilinear shape. The container can be easily formed in a shape in which the ratio D/T is 1/50 or qreater 
where T is the width of the open end of the container 1 04 and D is the depth of the container 1 04 (Fig. 1 7(a')) and side 
wa is inclined at an inclination e of 1 30° or below. It is desirable to use an aluminum foil of 30 urn or above in thickness 
5 for forming the barrier layer 1 12 to prevent the formation of pinholes when the battery packaging laminated structure is 
worked. Since the cover 103 to be attached to the container 104 is not embossed, the outermost layer 1 1 1 and/or the 
intermediate layer 115 of a laminated structure for forming the cover 103 need not be a polyethylene or polybutylene 
terephthalate copolymer film. The container 104 having the embossed part 105 is formed from a laminated structure 
designed for forming the container 1 04. 

10 L 0568 !,^ A P f Cka9e 1 22 ma/ bS f0rmed ° f a pair of containers 1 <* each having an embossed part 105 as shown in 
Figs. 17(b) and 17(b'). 

[0569] The embossed battery package 1 22 is capable of neatly containing a lithium battery module 1 21 When the 
embossed battery package 122 is used, the tabs T may be extended outside from optional positions of the sealed parts 
i24oftheembossedcase122asshowninRgs.166(c),16(c , ),16(d)and16(d'). 

Examples 

[0570] Sample laminated structures respectively provided with heat-adhesive resin layers of different thicknesses 
were fabricated and pouches were formed from the sample laminated structures. The moisture-proof properties of the 
20 laminated structures were examined. K 

Formation of Laminated Structure 



25 



35 



40 



45 



50 



55 



[0571] A 25 urn thick biaxially oriented nylon film 11 1 and a 50 urn thick aluminum foil 1 12 were laminated by dry 
lamination. A 30 urn thick heat-adhesive resin layer 1 1 3 (a cast polypropylene film) was laminated to the aluminum foil 
1 12 by dry lamination to form a three-layer laminated structure 1 10 as shown in Fig. 15(b). 



Laminated structure 110 
30 [0572] 

ON25/DL/AL50/DL/CCP30 
Pouches 



[0573] Three-sided seal pouches 122 as shown in Fig. 15(a) were fabricated. Each of the pouches 122 has 5 mm 
wide heat-sealed parts 124a and 1 24b. After putting a filler in each pouch 122, an open end portion of the pouch 1 22 
was heat-sealed to form a 20 mm wide sealed part 1 24c. 

[0574] The heat-sealed parts 124a and 124b were formed in a set thickness to form the pouch 122, and the heat- 
sealed part 1 24c was formed in a thickness of about 20 urn and a width of 20 mm after putting the a filler in the pouch 
122 to reduce factors that permrt the penetration of moisture through the edges of the heat-sealed parts into the pouch 

Samples 

[0575] When forming the pouches 122 by heat-sealing the peripheral portions of the superposed laminated struc- 
tures the temperature of a heat-sealing bar and pressure applied to the heat-sealing bar were varied to form the heat- 
sea ed parts drffering from each other in the thickness of the cast polypropylene film. Samples Nos. 1, 2 and 3 having 
the following thickness of the CCP in the heat-sealed part were prepared. 

Sample No. 1: 60 um 
Sample No. 2: 40 ujti 
Sample No. 3: 20 urn 

Conditions for Moisture-proof Capability Tests and Accelerated Tests 

[0576] An electrolyte was prepared by mixing DEC (diethyl carbon). DMC (dimethyl carbon) and EC (ethyl carbon) 
in a rrnxmg ratio of 1 : 1 : 1 and the lectrolyte was sealed in the sample pouches. The moisture content of the electrolyte 



74 



EP1 102 336 A1 



contained in the pouches was measured by Karl Rscher's method after keeping the sample pouches for seven days in 
a thermohygrostat conditioned at 80 °C and 90% RH 



Sample No. 


Thickness of CPP (nm) 


Moisture content before 
test (ppm) 


Moisture content after 
test (ppm) 


1 


60 


50 


450 


2 


40 


50 


350 


3 


20 


50 


250 



[05771 The moisture content of the electrolyte increased by 100 ppm for an increase of 20 urn in the thickness of 
the CPP 

r0578] ' Generally, gases including moisture penetrate into the pouch 122 having the heat-bonded parte 124 in the 
follow ng three fashions as shown in Figs. 14(a) and 14(b). In a fashion W 2> moisture penetrates through nonsealed 
parts of the laminated structure 1 1 0 forming the pouch 122 sealing the Irthium battery module 121 subject to the influ- 
ence of moisture therein into the pouch 122.. In a fashion W 3l moisture penetrates through pinholes and such formed n 
the heat-bonded parts 124 into the pouch 122. In a fashion W„ moisture penetrates through the heat-adhesive resin 
layer 113 exposed in the edge of the heat-bonded part 124 into the pouch 122. Most part of moisture penetrates 
through the heat-adhesive resin layer 1 1 3 into the pouch 1 22. 

r05791 The pouch 122 according to the present invention is capable of prevent.ng the penetration of moisture 
through the edge of the heat-bonded part 1 24 into the pouch 122 because a portion of the heat-adhesive res.n layer 
113 in the heat-bonded part 124 is formed in the thickness meeting the foregoing condition. 
[0580] According to the present invention, a sealed package Is formed by heat-bonding portons of laminated struc- 
tures each having at least one surface layer formed of a heat-adhesive resin film in heat-bonded parts so that the por- 
tions of the heat-adhesfce resin film in the heat-bonded parts have a thickness smaller than that of other portions ; o\ f ttie 
same. Thus, the present invention provides highly moisture-proof packages which can be widely used for packaging 
foodstuffs, medicines, chemicals and the like. The packages of the present invention as packages of Irth.um battenes 
are effective in preventing the reduction of the ability of the lithium batteries due to the penetratton of moisture into the 
lithium batteries and avoiding troubles arising from the delamination of the packages. 



Ninth Embodiment 

[0581 ] A ninth embodiment according to the present invention will be described with reference to Figs. 1 8 to 24. 

Pouches of the present invention sealing lithium battery modules therein are cases of lithium batteries. 

r05821 Fig 1 8(a) is a perspective view of a battery pouch and a Irthium battery, Fig. 1 8(b) is a sectional view taken 

on line X rXl in Fig. 18(a), Fig. 18(c) is an enlarge view of a portion Y, in Fig. 18(b), Figs. 19(a) and 19(b) are v.ews 

assistance in explaining a lithium battery manufacturing method according to the present inventJon in 

is a perspective view of assistance in putting a lithium battery module in a pouch and Fig. 19(b) is an enlarged view of 

a port^n y! in Fig. 19(a), Fig. 20(a) is a sectional view taken on line X 2 -X 2 in Fig. 19(b), Fig. 20(b) is s sectional views 

taken on line X,-X, in Fig. 19(b), Fig. 21 is view of assistance in explaining another lithium battery manufactunng 

methoo according to the present invention, Figs. 22(a) to 22(d) are views of battery pouches according to the present 

invention, and Figs. 23(a) and 23(b) are typical sectional views of laminated structures according to the present inven- 

105831 A pouch 205 included in a lithium battery 201 according to the present invention is formed from a laminated 
structure 220 having at least one heat-sealable surface and having protective properties necessary for maintain ing the 
functions of the lithium battery 201 . . 
ro5841 Particularly, moisture that permeates into the lithium battery 201 reacts with the electrolyte or the ike of the 
lithium battery 201 to deteriorate the functions of the lithium battery 201. Therefore, it is preferable that a laminated 
structure for forming the pouch 205 includes at least an aluminum foil 222 of a thtakness of 20 urn or above 
r05851 The lithium battery 201 is used as a power supply for various electric devices. As shown in Fig. 1 8 the Itth- 
um battery 201 is formed by packaging a lithium battery module 202 in the pouch 205. The lithium battery module 202 
has a thin, plate-shaped main part 204 and terminals 203 projecting from one side of the main part 204 as shown .n 

[0586] (8) ' The pouch (lithium battery package) 205 must perfect^ seal the lithium battery module 202 therein with the 
terminals 203 partly projected outside from the pouch 205. 
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[0587] As shown in Figs. 1 9(a) and 1 9(b), the pouch 205 has a first sealed end part (heat-bonded end part) 207 
formed in one end thereof on the side of the terminals 203 of the lithium battery 201 , and a second sealed end part 208 
formed in the other end thereof opposite the first sealed end part 207. A nonsealed part 209 extends from the first 
sealed end part 207. Cuts 21 2 are formed in the opposite side portions of the nonsealed part 209, respectively. 
[0588] As shown in Fig. 18(c), a pair of leaves 210 forming the nonsealed part 209 are folded back and are bonded 
to corresponding portions of the laminated structures 220 (Figs. 23(a) and 23(b)) with adhesive layers 21 1 Thus the 
end edge of the conductive aluminum foil 222 serving as a barrier layer is not exposed in the edge of the first sealed 
end part 207 from which the terminals 203 project outside and hence the terminals 203 are not short-circuited bv the 
aluminum foil 222. 

[0589] The cuts 21 2 may be formed by cutting opposite side portions of the nonsealed part 209 as shown in Rg 
1 9(b). The cuts 212 facilitate folding back the pair of leaves of the nonsealed part 209. 

[0590] A method of packaging the lithium battery module 202 will be explained. As shown in Rg 1 9(a) a length of 
the laminated structure 220 unwound from a roll of laminated structure is formed in a tubular structure the'lithium bat- 
tery module 202 is fed into the tubular structure of the laminated structure 220, and overlapped side portions are 
bonded together in a sealed back seam 206. To form the laminated structure 220 in a pouch tightly fitting the lithium 
battery module 202, the overlapped side portions of the laminated structure are held between rotating rubber rollers 
during the formation of the sealed back seam 206 so that the laminated structure may not become loose. 
[0591 ] To restrain the lithium battery module 202 from being longitudinally dislocated relative to the pouch 205 while 
the lithium battery module 202 is fed into the tubular structure of the laminated structure 220 and the sealed end parts 

207 and 208 are formed, it is desirable to bond a portion of the laminated structure 220 corresponding to the first sealed 
end part 207 to the terminals 203 with a tack-welding bar 21 5 to fix the position of the lithium battery module 202 relative 
to the tubular structure of the laminated structure 220 as shown in Fig. 21. After thus fixing the position of the lithium 
battery module 202 relative to the tubular structure, the overlapped side portions of the laminated structure 220 are 
bonded together to form the sealed back seam 206, and the first sealed end part 207 and the second sealed end part 

208 are formed by using heat-sealing bars 21 6 and 21 7. Although only the heat-sealing bars are shown in Fig 21 each 
of actual heat-sealing units includes the heat-sealing bar and a pressure plate. 

[0592] The lithium battery module 202 can be hermetically packaged in the pouch 1 05 by forming the sealed end 
parts 207 and.208. As shown in Fig. 1 9(b), the cuts 21 2 are formed in the opposite side portions of the nonsealed part 

209 extending between the first sealed end part 207 and the second sealed end part 208. In view of producing lithium 
batteries at a high productivity, it is preferable that the sealed end parts 207 and 208 and the cuts 21 2 are formed simul- 
taneously. However, the cuts 212 may be formed either before or after the formation of the sealed end parts 207 and 
208. The cuts 21 2 facilitate folding back the pair of leaves of the nonsealed part 209. 

[0593] After forming the first sealed end part 207 and the second sealed end part 208, the laminated structure 220 
is cut along a cutting line 21 3 to separate the pouch 205 from the laminated structure 220. The pair of leaves 21 0 of the 
nonsealed part 209 of the pouch are folded back and are bonded to corresponding portions of the laminated structure 
220 with the adhesive layers 21 1 , i.e., layers of a hot-melt adhesive or adhesive films as shown in Figs 1 8(b) and 1 8(c) 
Thus, the end edge of the conductive aluminum foil 222 serving as a barrier layer is not exposed in the edge of the first 
sealed end part 207 from which the terminals 203 project outside and hence the terminals 203 are not short-circuited 
by the aluminum foil 222 (Figs. 23 (a) and 23(b)). 

[0594] The lithium battery packages according to the present invention may be pouches of various types as shown 
in Fig. 22 other than the pouches of a pillow type as mentioned above. Figs 22(a), 22(b), 22(c) and 22(d) show a lithium 
battery with a three-sided seal pouch 205, a lithium battery with a four-sided seal pouch 205, a lithium battery wfth a 
pillow-type pouch 205 and a lithium battery with a pillow-type pouch 205, respectively. In the lithium battery having the 
p.llow-type pouch 205 shown in Fig. 22(d), the terminals 203 project outside from the sealed back seam 206 portions 
of the terminals 203 are bonded to the sealed back seam 206 of the pouch 205, and a pair of leaves 21 0 forming a non- 
sealed part 209 continuous with the sealed back seam 206 are folded back. The pillow-type pouch 205 shown in Fig 
22(c) is most preferable because the same can be formed so as to fit the lithium battery module tight and can be easily 
used in an automatic battery packaging process. 

[0595] Laminated structures 220 for forming the lithium battery according to the present invention will be described 
hereinafter with reference to Figs. 23(a) and 23(b). The laminated structure 220 has a heat-adhesive innermost layer 
223 capable of being heat-bonded to the terminals 203. The laminated structure 220 needs a barrier Iayer222 The out- 
ermost layer 221 is a film having a high strength. When necessary, the laminated structure 220 is provided with an inter- 
mediate layer 224. The layers of the laminated structure 220 may be bonded together with adhesives or adhesive 
resins. 

[0596] The laminated structure 220 of basic construction for forming the pouch 205 for a lithium battery comprises 
an outermost layer 221 , a barrier layer 222 laminated to the outermost layer 221 , and a hat-sealable layer (heat-adhe- 
sive resin layer) 223 laminated to the barrier layer 222. A reinforcing layer 224 may be sandwiched between the barrier 
layer 222 and the heat-sealable layer 223 to protect the barrier layer 222 and to maintain the barrier property of the 
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pouch 205; that Is, th laminated structure 220 may be a laminate: outermost layer 221/barrier layer 222/reinforcing 
layer 224/heat-sealable layer 223 as shown in Fig. 23(a). The laminated structure 220 may be provided with an addi- 
tional reinforcing layer 224a sandwiched between the outermost layer 221 and the barrier layer 222 as shown in Fig. 
23(b). 

[0597] In Figs. 23(a) and 23(b), adhesive layers 225 are sandwiched between the adjacent ones of the layers 21 1 , 
222, 223, 224 and 224a. 

[0598] Materials of the laminated structure 220 for forming the pouches 205 for lithium batteries according to the 
present invention will be described with reference to Figs. 23(a) and 23(b). 

[0599] The outermost layer 221 is the base layer of the laminated structure 220 and is subjected to printing. A film 
having a sufficiently high tensile strength, abrasion resistant and an insulating property is used as the outermost layer 
221 Possible films for forming the outermost layer 221 are those of polyester resins, polyamlde resins, polypropylene 
resins polycarbonate resins and the like. Preferabty, oriented films of those resins are used for forming the outermost 
layer 221 . The thickness of the outermost layer 221 is in the range of 5 to 30 urn, preferably, in the range of 1 0 to 25 urn. 
[0600] As shown in Fig. 23(b), the additional reinforcing layer 224a may be sandwiched between the outermost 
layer 221 and the barrier layer 222. The additional reinforcing layer 224a is used to enhance the strength of the lami- 
nated structure 220 and to prevent damage to the barrier layer 222. Possible films as the additional reinforcing layer 
224a are oriented or unoriented films of polyester resins, polyamlde resins, polypropylene resins, polycarbonate resins 
and the like. Biaxially oriented films of those resins are particularly desirable so far as strength is concerned. 
[0601 ] The barrier layer 222 must have a perfect barrier property to inhibit the penetration of moisture into the lith- 
ium battery package 205. If moisture penetrates into the package 205, hydrogen fluoride is produced by the interaction 
of moisture and the electrolyte of the lithium battery, the hydrogen fluoride permeates the layers of the laminated struc- 
ture and, consequently, the laminated structure is dominated. The laminated structure must have a perfect barrier 
property, more concretely, the laminates structure must be perfectly impermeable to moisture. It was known through 
experiments on the effect of materials forming the barrier layer 222 and the thickness of the barrier layer 222 that a 
metal foil of 20 urn or above in thickness is desirable for forming the barrier layer 222. Metal foils of a thickness below 
20 urn originally have pinholes, and there is the possibility that pinholes and cracks are formed therein when a package 
formed from a laminated structure provided with a barrier layer 222 of such a metal foil is bent. Possible barrier layers 
are foils of metals including copper, tin. lead, iron aluminum and alloys of some of those metals. Aluminum foils are pre- - h 
ferred to other metal foils because aluminum foils are relatively inexpensive and easily workable and have a small spe- , 
cific weight. Preferably, the thickness of metal foils as the barrier layer 222 is 10 urn or above, preferably, in the range , 

of 15 to 40 urn. „ 
[0602] The reinforcing layer 224 sandwiched between the barrier layer 222 and the heat-sealable layer 223 is ettec- 
tive in preventing damage to the barrier layer 222, i.e., a metal foil. Damage to the barrier layer 222, i.e., the metal foil, . 
includes formation of pinholes in the barrier layer 222 when the laminated structure is bent or breaks caused by the 
sharp corners of an article contained in a package formed from the laminated structure. The reinforcing layer 224 may 
be a film of the same materials as the additional reinforcing layer 224a, such as an oriented or unoriented film of any 
one of resins including polypropylene resins, polyester resins, polyamide resins and polycarbonate resins. A biaxially 
oriented film is particularly desirable as the reinforcing layer 224 so far as strength is concerned. 
[0603] The heat-sealable layer (heat-adhesive resin layer) 223 of the laminated structure for forming the package 
205 for a lithium battery according to the present invention is formed of a heat-adhesive resin capable of being heat- 
bonded to terminals 203 formed of a conductive material, such as copper foils or aluminum foils. 
[0604] The resin forming the heat-sealable layer 223 must be unsusceptible to the detrimental effects of the elec- 
trolyte of the lithium battery. 

[0605] Possible resins for forming the heat-sealable layer 223 are, for example, ethylene-vinyl acetate copolymers, 
ethylene-acrylate copolymers, ethylene-methacrylate copolymers, polyolefin resins prepared by blending polyethylene 
or polypropylene, and one or some of those copolymers. Particularly preferable resins are polyolefin resins produced 
through the copolymerization and modification of acid-modified polyolefin resins, such as ethylene-acrylate copolymers 
and ethylene-methacrylate copolymers, copolymers of polyethylene, polypropylene, copolymers of those and a-olefms 
ethylene-vinyl acetate copolymers, ethylene-acrylate copolymers, and polyolefin resins produced through the graft 
copolymerization and modification of polyolefin resins, such as terpolymers of those polymers, and unsaturated carbox- 
ylic acids such as acrylic acid, methacrylic acid, maleic acid, maleic anhydride, citraconic anhydride, itaconic acid and 
itaconic anhydride, or the anhydrides of those. Resins having a melting point of 100 »C or above among those resins 
are used to form highly heat-resistant battery packages. 

[0606] The component layers of the laminated structure for forming packages for lithium batteries are laminated by 
a dry lamination process using a two-part isocyanate adhesive, a sandwich dry lamination process that extrudes a film 
of an adhesive resin between the layers and applies pressure to the layers, or a thermal lamination process that sand- 
wiches a heat-adhesive film between the layers and applies heat and pressure to the layers. Those lamination proc- 
esses and electrolyte-resistant adhesives are used selectively. 
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[0607] A pouch 205 is formed by superposing a pair of sheets 205a and 205b, i.e., the laminated structures 220, 
with the heat-adhesive resin layers 223 thereof facing each other, and forming beat-sealed parts 207 and 208. 

Examples 

5 

[0608] Packages for the lithium battery according to the present invention and a packaging method will be 
described hereinafter. A lithium battery module 202 has a main part 204 of 1 10 mm x 70 mm x 1.5 mm in size and 25 
mm long terminals 203 projecting from one end of the main part 204. A laminated structure 220 for forming a pouch 205 
for a lithium battery 201 had the following construction. 

10 

PET1 6/DL/AL20/DL/PET1 6/AD50 

[0609] The acid-modified unsaturated polyolefin film (AD50) was formed by an extrusion lamination process. 

[0610] A roll of the laminated structure 220 was supplied to a packaging machine that forms pillow-type pouches 
75 and packages lithium battery modules 202 in the pouches. The laminated structure 220 was unwound from the roll, the 

laminated structure 220 were shaped to form pillow-type pouches successively, lithium battery modules 202 were fed 

successively into the pouches, and first and second end portions of each pouch were sealed for automatic packaging. 

Cuts are formed in opposite side portions of a nonsealed part 209 extending between the first sealed part 207 of the 

preceding pouch and the second sealed part 208 of the succeeding pouch. A pair of leaves 21 0 forming the nonsealed 
20 part 209 were folded back and were bonded to corresponding portions of the laminated structures 220 with adhesive 

films to complete a lithium battery 201 . 

[0611] The terminals 203 of the lithium battery 201 were not short-circuited by the conductive barrier layer 222 of 
the laminated structures 220 forming the pouch 205 when the terminals 203 were bent in any direction. The lithium bat- 
tery 201 was quite normal in its basic functions. 

25 [0612] Although the pair of leaves 21 0 forming the nonsealed part 209 are bonded to corresponding portions of the 
laminated structures 220 with adhesive films, the same can be easily bonded to corresponding portions of the lami- 
nated structures 220 by an automatic bonding process using a hot-melt adhesive and an adhesive applicator. 
[0613] There is no possibility that the terminals of the lithium battery according to the present invention are short- 
circuited by the conductive barrier layer of the laminated structure forming the package for the lithium battery. 

30 [061 4] The battery package manufacturing method of the present invention is able to carry out processes for mak- 
ing packages and packaging lithium batteries in the packages efficiently substantially in an in-line assembly mode. 

Tenth Embodiment 

35 [061 5] Tenth embodiment according to the present invention will be described with reference to Figs. 24 to 27. Fig. 
24 is a typical sectional view of a battery packaging laminated structure according to the present invention, Fig. 25 is a 
perspective view of a lithium battery according to the present invention, Fig. 26 is a typical sectional view taken on line 
X-X in Fig. 25, Fig. 27 is a typical sectional view taken on line Y-Y in Fig. 25. Shown in Figs. 24 to 27 are a laminated 
structure 301 according to the present invention, an aluminum foil 303, an easy-to-bond layer 304, an adhesive layer 

40 305, an inner layer 306, a lithium battery 310, a pouch 31 1 , a lithium battery module 312, terminals 313, a sealed back 
seam 314 and a heat-sealed end part 315. 

[0616] Referring to Fig. 24, the laminated structure 301 is formed by laminating the inner layer 306 to the easy-to- 
bond layer 304 formed on a surface of the aluminum foil 303 with the adhesive layer 305. 

[0617] As shown in Figs. 25 to 27, the lithium battery 310 is formed by sealing the lithium battery module 312 in the 
45 pillow-type pouch 311 having the sealed back seam 31 4 with portions of the terminals 313 extending outside from the 
pouch 31 1 and other portions of the same sealed in the heat-bonded end part 315. The laminated structure 301 of the 
present invention is a principal material of the pouch 31 1 for the lithium battery. 
[0618] The laminated structure 301 of the present invention will be concretely described hereinafter. 
[061 9] The aluminum foil of the laminated structure 301 prevents the penetration of moisture and gases into the lith- 
50 ium battery 310. The thickness of the aluminum foil 303 is 15 urn or above, preferably, 20 \xn\ or above in view of pin- 
holes originally existing in aluminum foils and securing sufficient resistance to pinhole forming effects of processing and 
handling. In view of workability (lamination, embossing and pouch making) and facility of handling pouches, a soft alu- 
minum foil of a thickness of 100 ^im or below, preferably, 80 urn or below is suitable. 

[0620] At least one of the surfaces of the aluminum foil 303 is processed to form the easy-to-bond layer 304. The 
55 easy-to-bond layer 304 is formed to ensure the firm bonding of the aluminum foil 303 and the inner layer 306 with the 
adhesive layer 305 and to protect the surface of the aluminum foil 303 facing the inner layer 306 from the detrimental 
action of the electrolyte of the lithium battery 31 0 or hydrofluoric acid produced by the hydrolysis of the electrolyte. The 
easy-to-bond layer 304 is formed, for example, by degreasing the surface of the aluminum foil 303 on the side of the 
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inner layer 306 by a known degreasing process, such as an alkali dipping process, an electrolytic cleaning process, a 
pickling process, an electrolytic pickling process or an acid-activation process, and applying a processing liquid (solu- 
tion) containing, as a principal component, a metal phosphate, such as chromium phosphate, titanium phosphate, zir- 
conia phosphate or zinc phosphate, or a mixture of some of those metallic salts, a processing liquid (solution) 

5 containing, as a principal component, a nonmetallic phosphate or a mixture of some of nonmetallic phosphates, or a 
processing liquid (solution) prepared by mixing some of those salts and a water-soluble synthetic resin, such as an 
acrylic resin, a phenolic resin or a urethane resin, by a known coating process, such as a roll coating process, a gravure 
printing process or a dipping process to the cleaned surface of the aluminum foil. When a chromium phosphate solution 
is used, the easy-to-bond layer 304 is a film of chromium phosphate (CrP0 4 ), aluminum phosphate (A!P0 4 ), aluminum 

jo oxide (AI2O3), aluminum hydroxide (AI(OH) x ) or aluminum fluoride (AIF X ). When a zinc phosphate solution is used, the 
easy-to-bond layer 304 is a film of zinc phosphate hydrate (2n 2 P0 4 • 4H 2 0), aluminum phosphate (AIP0 4 ), aluminum 
oxide (Al 2 0 3 ), aluminum hydroxide (AI(OH) x ) or aluminum fluoride (AIF X ). The thickness of the easy-to-bond layer 304 
as dried is in the range of 1 to 200 nm, generally, in the range of 10 to 50 nm. When the mixed processing liquid (solu- 
tion) containing the water-soluble synthetic resin is used, the thickness of the easy-to-bond layer 304 is in the range of 

t5 1 00 to 500 nm. 

[0621] The easy-to-bond layer 304 can be formed by another method that decreases at least a surface of the alu- 
minum foil 303 on the side of the inner layer 306 by an alkali dipping process, an electrolytic cleaning process, a pickling 
process, a electrolytic pickling process or an acid-activation process, and subjects the cleaned surface of the aluminum 
foil 303 to a known anodic oxidation process. The protective layer 340 formed by this method is an aluminum oxide film 
20 (Al 2 0 3 film). Generally, the thickness of the aluminum oxide film is in the range of several micrometers to several hun- 
dreds micrometers. According to the present invention, a suitable thickness of the aluminum oxide film as the easy-to- 
bond layer 304 is in the range of several micrometers to 20 jim. 

[0622] The inner layer 306 of the laminated structure may be a heat-adhesive layer capable of forming the heat- 
sealed end part 315 sealing portions of the terminals 313 therein or may be a reinforcing layer for reinforcing a heat- 

25 adhesive layer bonding together a pair of inner layers 306 as shown in Fig. 27. It is essential that the inner layer 306 
has a melting point of 80 °C or above to ensure the environmental suitability (heat resistance and cold resistance) to 
the lithium battery. In view of such requirements, possible materials for forming the inner layer 306 are polyolefin resins, 
acrylic resins, polyester resins, fluorocarbon resins, derivatives of those resins, and mixtures of some of those resins. 
[0623] The polyolefin resins include low-density polyethylene resins, medium-density polyethylene resins, high- 

30 density polyethylene resins, linear low-density polyethylene resins, ethylene-ct-olefin copolymers produced by polymer- , : 
ization using a single-site catalyst, ionomers, polypropylene resins, ethylene-propylene copolymers, ethylene-vinyl ace- .* 
tate copolymers, saponified ethylene-vinyl acetate copolymers, polybudene resins, unsaturated graft polyolefin resins 
having a Vicat softening point of 70 °C or above including unsaturated graft polyethylene resins unsaturated graft poly- 
propylene resins and unsaturated graft poly(methyl pentene) resins, and derivatives of those resins. 

35 [0624] The acrylic resins include ethyl ene-meth acrylic acid derivative copolymers and ethylene-acrylic acid deriva- 
tive copolymers. More concretely, the acrylic resins are ethylene-acrylic acid copolymers, ethylene-meth acrylic acid 
copolymers, ethylene-methyl acrylate copolymers, ethylene-ethyl acrylate copolymers and ethyiene-methyl methacr- 
ylate copolymers 

[0625] The polyester resins include polyethylene terephthalate. polybutylene terephthalate, polyethylene naphtha- 
40 late, polybutylene naphthalate, polycarbonate, copolymers of some of those polymers and derivatives of those poly- 
mers. 

[0626] The fluorocarbon resins include tetrafluoroethylene, trifluoroethylene, polyvinylidene fluoride, polyvinyl fluo- 
ride, ethylene tetrafluoroethylene, polychlorotrifluoroethylene, ethylene-chlorotrifluoroethylene copolymers, tetrafluor- 
oethylene-hexafluoropropylene copolymers. 

45 [0627] Oriented or unoriented films of those resins are used. When necessary, the surfaces of the films may be 
processed by a corona discharge process and/or an atmospheric pressure plasma treatment. When the inner layer 306 
is used as a heat-adhesive resin layer, the heat-sealed end part 315 must be formed so that any gaps may not be 
formed between the inner layer 306 and the terminals 313. The inner layer 306 must have a thickness of 10 jum or 
above, preferably, 50 \irr\ or above. Although the thickness of the inner layer 306 may be about 100 |xm so far as the 

50 sealing ability of the inner layer 306 is concerned, an appropriate thickness of the inner layer 306 is 1 00 \im or below in 
view of cost reduction and forming the lithium battery in a small volume. When the inner layer 306 is used as a reinforc- 
ing layer for reinforcing the heat-adhesive resin layer and is disposed on the side of the aluminum foil with respect to the 
heat-adhesive resin layer, a suitable thickness of the inner layer 306 is in the range of 1 0 to 50 jim. A suitable value of 
the sum of the respective thicknesses of the reinforcing layer and the heat-adhesive layer is 1 00 ^im or below in view of 

55 cost reduction and forming the lithium battery in a small volume. 

[0628] The adhesive layer 305 will be described hereinafter. Possible resins for forming the adhesive layer 305 are 
known adhesives for dry lamination including polyester resins, polyether resins, polyurethane resins, polyether-ure- 
thane resins, polyester- urethane resins, isocyanate resins, polyolefin resins, polyethylene-imine resins, cyanoacrylate 
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resins, organotitanium compounds, epoxy resins, imide resins, silicone resins, derivatives of those resins and mixtures 
of some of those resins. The adhesive layer 305 can be formed by applying a solution of the foregoing resin in a film to 
the easy-to-bond layer 304 formed on the aluminum foil 305 by a known coating method, such as a roll coating method 
or a gravure coating method and drying the film. The inner layer 306 is attached to the adhesive layer 305 to complete 

5 the laminated structure of the aluminum foil 303 and the inner layer 306. 

[0629] A silane coupling agent may be mixed properly in the resin for forming the adhesive layer 305. Possible 
silane coupling agents are, for example, epoxy organosilane compounds including 3-glycidxypropyle trimethoxylan, 
amine organosilane compounds including [3-(2-aminoethyl)aminopropyl] trimethoxylan, and isocyan organosilane 
compounds including 3-isocyanate propyl triethoxysilane. Epoxy organosilane compounds are preferable because 

w epoxy organosilane compounds have an affinity for metals higher than that of isocyan organosilane compounds and the 
former are more adhesive to metals than the latter. Amine organosilane compounds proper have the function of an 
accelerator and have short pot life. The silane coupling agent solid content of the adhesive layer 305 is not smaller than 
1% and less than 50%, preferably, not smaller than 10% and less than 30%. 

[0630] The laminated structure 301 according to the present invention having the inner layer 304, i.e., a heat-adhe- 
15 sive resin layer, can be used for forming a package for a lithium battery. However, the piercing strength of the package 
formed from the laminated structure 301, as compared with that of a metal can, is not high enough. To provide a lami- 
nated structure having a sufficiently high piercing strength, an outer layer of a biaxially oriented polyester or polyamide 
film is bonded to the outer surface of the aluminum foil 303. Possible polyester films are polyethylene terephthalate 
films, polybutylene terephthalate films, polyethylene naphthalate films, polybutyiene naphthalate films and polycar- 
20 bonate films. Possible polyamide films are films of nylon 6, nylon 66 and the like. The outer layer is at least one biaxially 
oriented polyester or polyamide film of a thickness of 6 \vm or above, preferably, in the range of 1 2 to 25 \im. The outer 
layer and the aluminum foil 303 can be laminated by a known dry lamination process using the foregoing adhesive layer 
305. Naturally, a bonding surface of the biaxially oriented polyester or polyamide film are finished by a corona discharge 
process. 

25 

Examples 

[0631 ] Examples of the tenth embodiment will be described hereinafter. A 20 jim thick soft aluminum foil (untreated 
foil) was immersed in a 1 0% by weight sodium hydride solution heated at 50 °C for 4 min, was cleaned with demineral- 
30 ized water and was subjected to hot-air drying for degreasing to prepare a degreased soft aluminum foil. The degreased 
soft aluminum foil was subjected to an anodic oxidation process using a dilute sulfuric solution to form an aluminum 
oxide film (Al 2 0 3 film) as a protective layer on the surface of the degreased soft aluminum foil to obtain a soft aluminum 
foil coated with an aluminum oxide film. 

35 Example 1 

[0632] A chromium phosphate solution containing 1 0% by weight chromium phosphate was applied in a film to one 
surface of the degreased soft aluminum foil and the film was dried to form an easy-too-bond layer. A mixed liquid pre- 
pared by mixing polyester polyol, bisphenol A-type epoxy resin and trilene diisocyanate (TDi) was applied to the easy- 
40 to-bond layer to form an adhesive layer of a dry weight per unit area of 4 g/m 2 . A surface treated by a corona discharge 
process of a 25 urn thick biaxially oriented polyethylene terephthalate film was boned to the aluminum foil with the adhe- 
sive layer to form a laminated structure 301 in Example 1 . 

Example 2 

45 

[0633] A laminated structure 301 in Example 2 was formed by the same procedure as that by which the laminated 
structure 301 in Example 1 was formed, except that a mixed solution prepared by mixing a solution containing 5% by 
weight chromium phosphate and a solution containing 10% by weight hydroxyethyl methacrylate was used instead of 
the solution containing 10% by weight chromium phosphate. 

50 

Example 3 

[0634] A laminated structure 301 in Example 3 was formed by the same procedure as that by which the laminated 
structure 301 in Example 1 was formed, except that an adhesive layer of a dry weight per unit area of 4 g/m 2 by coating 
55 one of the surfaces of the soft aluminum foil coated with an aluminum oxide film with a mixed liquid prepared by mixing 
polyester polyol, bisphenol A-type epoxy resin and TDI, and a surface processed by a corona discharge process of a 
25 jim thick biaxially oriented polyethylene terephthalate film was bonded to the aluminum foil with the adhesive lay r. 
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Example 4 

[0635] A mixed liquid prepared by mixing a solution containing 5% by weight chromium phosphate and a solution 
containing 1 0% by weight hydorxyethyl acrylate was applied in a film to one of the surfaces of the degreased soft alu- 

5 minum foil and film was dried to form an easy-to-bond layer on the surface of the degreased soft aluminum foil. An adhe- 
sive layer A of a dry weight per unit area of 6 g/m 2 was formed on the easy-to-bond layer by spreading a mixed liquid 
of polyester polyol, an anhydride and an epoxy resin in a film and drying the film. An adhesive layer B of a dry weight 
per unit area of 6 g/m 2 was formed on a surface processed by a corona discharge process of a 25 urn thick biaxially 
oriented polyethylene terephthalate film by spreading a mixed liquid of polyester polyol and TDT in a film and drying the 

w film. The adhesive layers A and B were Joined together to form a laminated structure 301 in Example 4. 

Example 5 

[0636] An adhesive layer A of a dry weight per unit area of 6 g/m 2 was formed on the a surface of the soft aluminum 
foil coated with an aluminum oxide film by spreading a mixed liquid of polyester polyol, an anhydride and an epoxy resin 
in a film and drying the film. An adhesive layer B of a dry weight per unit area of 6 g/m 2 was formed on a surface proc- 
essed by a corona discharge process of a 25 urn thick biaxially oriented polyethylene terephthalate film by spreading a 
mixed liquid of polyester polyol and TDI in a film and drying the film. The adhesive layers A and B were joined together 
to form a laminated structure 301 in Example 5. 
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Example 6 



[0637] A laminated structure in Example 6 was formed by the same procedure as that by which the laminated struc- 
ture 301 in Example 1 was formed, except that a mixed liquid prepared by mixing polyester polyol, bisphenol A-type 
epoxy resin, TDI and 15% by weight solid epoxy organosilane compound, concretely, 3-glycidxypropyle trimethoxyst- 
lane, was used instead of the mixed liquid prepared by mixing polyester polyol, the epoxy resin and TDI applied to the 
easy-to-bond layer formed on the decreased soft aluminum foil. 



Comparative example 1 



[0638], A mixed liquid prepared by mixing polyester polyol, bisphenol A-type epoxy resin and TDI was applied in a 
film to one surface of a 20 urn thick aluminum foil (untreated foil) to form an adhesive layer of a dry weight per unit area 
of 4 g/m 2 . A surface treated by a corona discharge process of a 25 u-m thick biaxially oriented polyethylene terephtha- 
late film was boned to the aluminum foil with the adhesive layer to form a laminated structure in Comparative example 1 . 
35 [0639] The laminated structures in Examples 1 to 6 and the laminated structure in Comparative example 1 were 
immersed in an electrolyte heated at 60 °C and the variation of adhesive strength between the aluminum foil and the 
biaxially oriented polyethylene terephthalate film in each laminated structure was measured in time sequence and for 
the time-series analysis of the adhesive strength. Results of the time-series analyse are tabulated in Table 1 0-1 . 
[0640] Electrolyte: 1 M phosphorus lithium hexafluoride solution prepared by dissolving phosphorus lithium hex- 
40 afluoride in a mixed solvent (ethylene carbonate/diethyl carbonate/dimethyl carbonate =1/1/1 ). 

[0641] In Table 1 0-1 , double circles indicate "hardly peelable", circles indicate "peelable", triangles indicate "easily 
peelable* and crosses indicate "delamination". 
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Table 10-1 
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* A state at 0 in time of immersion is a state before immersion in the electrolyte. 



[0642] As obvious from Table 10-1, the reduction with time of the adhesive strength between the aluminum foil and 
the biaxially oriented polyethylene terephthalate film in all the laminated structures in Examples 1 to 6 is insignificant 
and the laminated structures in Examples 1 to 6 are excellent in resistance to the electrolyte. 
[0643] As is apparent from the foregoing description, the laminated structures according to the present invention 
have an excellent barrier property to inhibit the permeation of moisture and gases and an excellent resistance to the 
electrolyte, and the initial adhesive strength between the aluminum foil and the layer bonded to the aluminum foil in the 
laminated structures of the present invention is maintained. 

Claims 

1. A battery packaging laminated structure comprising: an outermost layer, a barrier layer and an innermost layer lam- 
inated in that order or an outermost layer, a barrier layer, an intermediate layer and an innermost layer laminated in 
that order; 

wherein the outermost layer is formed of a formable base material, the barrier layer is formed of a impermeable 
base material having a barrier property, the intermediate layer is formed of a formable intermediate base material 
and the innermost layer is formed of a heat-adhesive base material. 

2. The battery packaging laminated structure according to claim 1 / wherein adhesive layers are sandwiched between 
the adjacent layers. 

3. The battery packaging laminated structure according to claim 1 wherein the outermost layer is an oriented film of 
a polyester resin or a polyamide resin. 

4. The battery packaging laminated structure according to claim 1 , wherein the outermost layer consists of a plurality 
of base materials. 

5. The battery packaging laminated structure according to claim 1 , wherein the barrier layer is formed from an alumi- 
num foil of a thickness of 1 5 um or above. 

6. The battery packaging laminated structure according to claim 5, wherein the aluminum foil forming the barrier layer 
is coated with an acid-resistant film of a phosphate, a chromate, chromium phosphate or zinc phosphate. 

7. The battery packaging laminated structure according to claim 5, wherein the aluminum foil forming the barrier layer 
is coated with a protective layer. 

8. The battery packaging laminated structure according to claim 7, wherein the protective layer contains at least one 
of epoxy resins, phenolic resins, melamine resins, unsaturated graft polyolefin resins, acrylic resins, derivatives of 
those resins. 
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9. The battery packaging laminated structure according to claim 1 , wherein the intermediate base material forming 
the intermediate layer contains at least one of polyester resins, polyolefin resins, derivatives of those resins and 
mixtures of some of those resins. 

5 10. The battery packaging laminated structure according to claim 1 , wherein the intermediate layer has a thickness of 
5 |im or above. 

11. The battery packaging laminated structure according to claim 1, wherein the heat-adhesive material forming the 
innermost layer is one of acid-denatured polyolefin resins, unsaturated graft polyolefin resins, polypropylene resins, 

w metal crosslinked polyethylene resins, copolymers of ethylene and acrylic acid derivatives, and copolymers of eth- 
ylene and methacrylic acid derivatives. 

12. The battery packaging laminated structure according to claim 1 , wherein the innermost layer consists of a plurality 
of base materials. 

15 

13. The battery packaging laminated structure according to claim 2, wherein the adhesive layer is formed of one of pol- 
yester-urethane resins, polyether-urethane resins, isocyanate resins and unsaturated graft polyolefin resins. 

14. The battery packaging laminated structure according to claim 13, wherein the adhesive layer is formed of a two- 
part adhesive supplied in a resin and an accelerator, the resin is a blended resin of a polyester resin consisting of 
an acid component containing at least two of sebacic acid, isophthalic acid, terephthalic acid, octanedioic acid, 
nonanedioic acid, undecanedioic acid and palmitic acid, and an alcohol component containing at least one of eth- 
ylene glycol, hexanediol and diethylene glycol, and a bisphenol A-type epoxy resin, and the accelerator contains a 
polyisocyanate component. 

15. The battery packaging laminated structure according to claim 1 , wherein the barrier layer is a soft aluminum foil 
having an iron content in the range of 0.3 to 9.0%. 

16. The battery packaging laminated structure according to claim 15, wherein a surface of the barrier layer on the side 
of the innermost layer is coated with a protective layer formed of a resin containing 30% or above of at least one of 
•epoxy resins, phenolic resins, melamine resins, polyimide resins, unsaturated polyester resins, polyurethane res- , 
/ins, alkyd resins, unsaturated graft polyolefin resins, copolyester resins including polyethylene terephthalate and*, 
polybutylene terephthalate, ionomers, ethylene-vinyl acetate copolymers, ethylene-acrylic acid derivative copoly- 
mers, ethylene-methacrylic acid derivative copolymers, polyether resins and derivatives of those resins. 

35 

17. The battery packaging laminated structure according to claim 15, wherein the intermediate layer includes at least 
one oriented polyester or nylon film of a thickness of 6 urn or above. 

18. The battery packaging laminated structure according to claim 15, wherein the intermediate layer includes at least 
40 one film having a thickness of 1 0 ^m or above and formed of a polyester resin, a polyolefin resin or a fluorocarbon 

resin. 

19. The battery packaging laminated structure according to claim 15, wherein a resin film is sandwiched between the 
barrier layer or the protective layer, and the intermediate layer, and the resin film is formed of one of polyester res- 

45 ins, polyether resins, polyurethane resins, polyester-urethane resins, isocyanate resins, polyolefin resins, polyeth- 
ylene-imine resins, cyanoacrylate resins, organotitanium compounds, epoxy resins, imide resins, silicone resins, 
derivatives of those resins and mixtures of some of those resins. 

20. The battery packaging laminated structure according to claim 15, wherein a film having a thickness of 0.5 ^im or 
so above and formed of a material having a melting point of 80 °C or above and a Vicat softening point of 70 °C or 

above is sandwiched between the protective layer and the intermediate layer, and the material forming the same 
film is one of unsaturated graft polyethylene resins, unsaturated graft polypropylene resins, unsaturated graft poly- 
olefin resins including unsaturated graft poly(methyl pentene) and mixtures of some of those resins. 

55 21. The battery packaging laminated structure according to claim 1 5, wherein the outermost layer and/or the interme- 
diate layer is formed of polyethylene terephthalate or polybutylene terephthalate. 

22. The battery packaging laminated structure according to claim 15, wherein the innermost layer is a film having a 
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thickness of 1 0 urn or above and formed of a material having a melting point of 80 °C or above and a Vicat softening 
point of 70 °C or above, and the material forming the film is one of unsaturated graft polyolefin resins including 
unsaturated graft polyethylene resins, unsaturated graft polypropylene resins and unsaturated graft poly(methyl 
pentene) resins. 

23. The battery packaging laminated structure according to claim 15, wherein the innermost layer is formed of one of 
polyethylene resins, polypropylene resins, ethylene-vinyl acetate copolymers and ionomers. 

24. The battery packaging laminated structure according to claim 15, wherein the innermost layer is formed of an eth- 
ylene-acrylic acid derivative copolymer, an ethylene-methacrylic acid copolymer, a propylene-acrylic acid deriva- 
tive copolymer or a propylene-methacrylic acid derivative. 

25. The battery packaging laminated structure according to claim 1 , wherein the barrier layer is a metal foil having a 
surface on the side of the innermost layer, finished by degreasing or pickling. 

26. The battery packaging laminated structure according to claim 1 , wherein the barrier layer has a surface on the side 
of the innermost layer coated with an acid-resistant film including at least a phosphate film, a chromate film, a flu- 
oride film or a triazine thiol compound film. 

27. The battery, packaging laminated structure according to claim 1 , the barrier layer is a metal foil having a surface on 
the side of the innermost layer, finished by degreasing or pickling, and coated with an acid-resistant film including 
at least a phosphate film, a chromate film, a fluoride film and a triazine thiol compound film. 

28. The battery packaging laminated structure according to any one of claims 25 to 27, wherein the barrier layer has a 
surface on the side of the innermost layer coated with a layer containing at least silicon dioxide, calcium carbonate, 
zinc, minium, lead suboxide, zinc oxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate or 
barium zinc chromate. 

29. The battery packaging laminated structure according to claim 26 or 27, wherein the acid-resistant film is coated 
with a layer containing at least silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide, zinc 
oxide lead cyanamide, zinc chromate, barium potassium chromate or barium zinc chromate. 

30. The battery packaging laminated structure according to claim 26 or 27, wherein the acid-resistant film contains at 
least silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide, zinc oxide lead cyanamide, zinc 
chromate, barium potassium chromate or barium zinc chromate. 

31. The battery packaging laminated structure according to any one of claims 25 to 27, wherein a surface of the barrier 
layer is coated with a film containing a coupling agent, and at least silicon dioxide, calcium carbonate, zinc, minium, 
lead suboxide, zinc oxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate or barium zinc 
chromate. 

32. The battery packaging laminated structure according to claim 26 or 27, wherein a surface of the acid-resistant film 
is coated with a film containing a coupling agent, and at least silicon dioxide, calcium carbonate, zinc, minium, lead 
suboxide, zinc oxide, zinc oxide lead cyanamide, zinc chromate, barium potassium chromate or barium zinc chro- 
mate. 

33. The battery packaging laminated structure according to claim 26 or 27, wherein the acid-resistant film contains a 
coupling agent, and at least silicon dioxide, calcium carbonate, zinc, minium, lead suboxide, zinc oxide, zinc oxide 
lead cyanamide, zinc chromate, barium potassium chromate or barium zinc chromate. 

34. The battery packaging laminated structure according to any one of claims 25 to 27, wherein a surface of the barrier 
layer or the acid-resistant film is coated with a film containing at least one of epoxy resins, phenolic resins, mela- 
mine resins, alkyd resins, poiylimide resins, unsaturated polyester resins, polyurethane resins, unsaturated graft 
polyolefin resins, copolyester resins including polyethylene terephthalate copolymers and polybutylene terephtha- 
late copolymers, ionomers, ethylene-vinyl acetate copolymers, ethylene-acrylic acid copolymers, ethylene-meth- 
acrylic acid copolymers, polyether-urethane resins, derivatives of those resins. 

35. The battery packaging laminated structure according to any one of claims 25 to 27, wherein a surface of the barrier 
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layer on the side of the innermost layer, or a surface to be coated with the acid-resistant film or to be treated with a 
coupling agent is coated with a protective layer containing 30% or above of at least one of epoxy resins, phenolic 
resins, melamine resins, alkyd resins, polyimide resins, unsaturated polyester resins, polyurethane resins, unsatu- 
rated graft polyolefin resins, copoiyester resins including polyethylene terephthaiate copolymers and polybutylene 
5 terephthaiate copolymers, ionomers, ethylene-vinyl acetate copolymers, ethylene-acrylic acid copolymers, ethyl- 
ene-methacrylic acid copolymers, polyether-urethane resins, derivatives of those resins. 

36. The battery packaging laminated structure according to any one of claims 25 to 27, wherein the barrier layer is an 
aluminum foil of a thickness of 15 jim or above. 

10 

37. The battery packaging laminated structure according to any one of claims 25 to 27, wherein the intermediate layer 
includes at least one layer having a thickness of 10 pm or above and formed of one of polyester resins, polyolefin 
resins, fluorocarbon resins, saponified ethylene-vinyl acetate copolymers, derivatives of those resins and mixed 
resins of some of those resins. 

15 

38. The battery packaging laminated structure according to any one of claims 25 to 27, wherein the innermost layer 
includes at least one layer having a thickness of 1 0 pm or above and formed of one of polyolefin resins, unsaturated 
graft polyolefin resins, metal ion crosslinked polyethylene resins, ethylene-acrylic acid derivative copolymers, pro- 
pylene-acrylic acid derivative copolymers, ethylene-meth acrylic acid derivative copolymers, propylene-meth acrylic 

20 acid derivative copolymers and derivatives of those resins. 

39. The battery packaging laminated structure according to claim 1 , wherein the barrier layer has a surface on the side 
of the innermost layer, coated with a 0.5 to 30 \xm thick protective layer of a resin containing 30% or above of at 
least one of epoxy resins, phenolic resins, melamine resins, polyimide resins, unsaturated polyester resins, poly- 

25 urethane resins, alkyd resins, unsaturated graft polyolefin resins, polyester copolymers including polyethylene 
terephthaiate resins and polybutylene terephthaiate resins, ionomers, ethylene-vinyl acetate copolymers, copoly- 
mers of ethylene and acrylic acid derivatives, copolymers of ethylene and methacrylic acid derivatives, polyether 
resins and derivatives of those resins. 

30 40. The battery packaging laminated structure according to claim 39, wherein the barrier layer is a soft aluminum foil 
having a thickness of 1 5 |xm or above and an iron content in the range of 0.3 to 9.0%. 

41 . The battery packaging laminated structure according to claim 39, wherein the outermost layer includes at least one 
oriented polyester or nylon film of a thickness of 6 \im or above. 

35 

42. The battery packaging laminated structure according to claim 39, wherein the intermediate layer sandwiched 
between the barrier layer and the innermost layer includes at least one film having a thickness of 10 \im or above 
and formed of a polyester resin, a polyolefin resin or a fluorocarbon resin. 

40 43. The battery packaging laminated structure according to claim 39, wherein a film of one of polyester resins, poly- 
ether resins, polyurethane resins, polyether-urethane resins, polyester-urethane resins, isocyanate resins, polyole- 
fin resins, polyethylene-imine resins, silicone resins, derivatives of those resins and mixtures of some of those 
resins is formed between the protective layer and the intermediate layer and between the intermediate layer and 
the innermost layer. 

45 

44. The battery packaging laminated structure according to claim 39, wherein a film having a thickness of 0.5 \im or 
above and formed of a material having a melting point of 80 °C or above and a Vicat softening point of 70 °C or 
above is formed between the protective layer and the intermediate layer, and the material forming the film is one of 
unsaturated graft polyolefin resins including unsaturated graft polyethylene resins, unsaturated graft polypropylene 

so resins and unsaturated graft polymethyl pentene resins, and mixtures of some of those resins. 

45. The battery packaging laminated structure according to claim 39, wherein the outermost layer and/or the interme- 
diate layer is formed of a polyethylene terephthaiate copolymer or a polybutylene terephthaiate copolymer. 

55 46. The battery packaging laminated structure according to claim 39, wherein the innermost layer is a film having a 
thickness of 1 0 \xm or above and formed of a material having a melting point of 80 °C or above and a Vicat softening 
point of 70 °C or above, and the material forming the film is one of unsaturated graft polyolefin resins including 
unsaturated graft polyethylene resins, unsaturated graft polypropylene resins and unsaturated graft poly(methyl 
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pentene) resins. 

47. The battery packaging laminated structure according to claim 39, wherein the innermost layer is formed of one of 
polyethylene resins, polypropylene resins, ethylene-vinyl acetate copolymers and ionomers. 

5 

46. The battery packaging laminated structure according to claim 39, wherein the innermost layer is formed of a copol- 
ymer of ethylene and an acrylic acid derivative, a copolymer of ethylene and a methacrylic acid derivative, a copol- 
ymer of propylene and an acrylic acid derivative or a copolymer of propylene and a methacrylic acid derivative. 

10 49. The battery packaging laminated structure according to claim 1 , wherein the innermost layer is a film having a thick- 
ness of 10 nm or above and formed of a material having a melting point of 80 °C or above and a Vicat softening 
point of 70 °C or above, and the material is one of unsaturated graft polyolefin resins including unsaturated graft 
polyethylene resins, unsaturated graft polypropylene resins and unsaturated graft poly(methyl pentene) resins, and 
mixtures of some of those resins. 

15 

50. The battery packaging laminated structure according to claim 49, wherein the barrier layer is a soft aluminum foil 
of a thickness of 1 5 nm or above. 

51. The battery packaging laminated structure according to 49, wherein the outermost layer includes at least an ori- 
20 ented polyester film of a thickness of 6 urn or above or an oriented nylon film of a thickness of 6 jim or above. 

52. The battery packaging laminated structure according to claim 49, wherein the intermediate layer includes at least 
one film having a thickness of 1 0 \um or above and formed of one of polyester resins, polyolefin resins, fluorocarbon 
resins, saponified ethylene-vinyl acetate copolymers, derivatives of those resins and mixtures of some of those res- 

25 ins. 

53. The battery packaging laminated structure according to claim 53, wherein a surface of the barrier layer on the side 
of the innermost layer is coated with a protective layer formed of a resin containing 30% or above of at least one of 
epoxy resins, phenolic resins, melamine resins, alkyd resins, polyimide resins, unsaturated polyester resins, poly- 

30 urethane resins, unsaturated graft polyolefin resins, copolyester resins including polyethylene terephthalate copol- 
ymers and polybutylene terephthalate copolymers, ionomers, ethylene-vinyi acetate copolymers, copolymers of 
ethylene and acrylic acid, copolymers of ethylene and methacrylic acid, polyether-urethane resins and derivatives 
of those resins. 

35 54. The battery packaging laminated structure according to claim 53, wherein a film of one of polyester resins, poly- 
ether resins, polyurethane resins, polyether-urethane resins, polyester-urethane resins, isocyanate resins, polyole- 
fin resins, polyethylene-imine resins, cyanoacrylate resins, organotitanium compounds, epoxy resins, imide resins, 
silicone resins, derivatives of those resins and mixtures of some of those resins is formed between the protective 
layer and the intermediate layer. 

40 

55. The battery packaging laminated structure according to claim 49, wherein the outermost layer and/or the interme- 
diate layer is formed of a polyethylene terephthalate copolymer or a polybutylene terephthalate copolymer. 

56. The battery packaging laminated structure according to claim 1 , wherein at least one adhesive film for dry lamina- 
45 tion is formed between layers on the side of the innermost layer with respect to the barrier layer, and the adhesive 

layer is formed of a two-part adhesive supplied in a resin and an accelerator, the resin is a blended resin of a pol- 
yester resin consisting of an acid component containing at least two of sebacic acid, isophthalic acid, terephthalic 
acid, octanedioic acid, nonanedioic acid, undecanedioic acid and palmitic acid, and an alcohol component contain- 
ing at least one of ethylene glycol, hexanediol and diethylene glycol, and a bisphenol A-type epoxy resin, and the 
so accelerator contains a polyisocyanate component. 

57. The battery packaging laminated structure according to claim 56, wherein the barrier layer is an aluminum foil of a 
thickness of 1 5 urn or above. 

55 58. The battery packaging laminated structure according to claim 56, wherein the intermediate layer includes at least 
one layer having a thickness of 1 0 urn or above and formed of one of polyester resins, polyolefin resins, fluorocar- 
bon resins, saponified ethylene-vinyl acetate copolymers, derivatives of those resins and mixed resins of some of 
those resins. 



86 



EP1 102 336 A1 



59. The battery packaging laminated structure according to claim 56, wherein a surface of the barrier layer on the side 
of the innermost layer is coated with a protective layer formed of a resin containing 30% or above of at least one of 
epoxy resins phenolic resins, melamine resins, alkyd resins, polyimide resins, unsaturated polyester resins, poly 
urethane resins, unsaturated graft polyolefin resins, copolyester resins including polyethylene terephthalate copol- 
ymers and polybutylene terephthalate copolymers, ionomers, ethylene-vinyl acetate copolymers, copolymers of 
ethylene and acrylic acid, copolymers of ethylene and methacrylic acid, polyether-urethane resins and derivatives 
of those resins. 

60. The battery packaging laminated structure according to claim 56, wherein the innermost layer includes at least one 
film having a thickness of 10 urn or above and formed of one of polyolefin resins, unsaturated graft polyolefin resins, 
metal ion crosslinked polyethylene resins, copolymers of ethylene and acrylic acid derivatives, copolymers of eth- 
ylene and methacrylic acid derivatives, copolymers of propylene and acrylic acid derivatives, copolymer of propyl- 
ene and methacrylic acid derivatives, and derivatives of those resins. 

61. The battery packaging laminated structure according to claim 56, wherein the outermost layer and/or the interme- 
diate layer is formed of a polyethylene terephthalate copolymer or a polybutylene terephthalate copolymer. 

62 The battery packaging laminated structure according to claim 1, wherein the innermost layer is a multilayer film 
consisting of at least two resin films formed by coextrusion, and one of the resin films is capable of being welded to 
metal members. 

63. The battery packaging laminated structure according to claim 1, wherein the innermost layer is a multilayer film 
consisting of at least two resin films formed by coextrusion, and one of the resin films cannot be welded to metal 
members but the same resin film is heat-adhesive. 

64. The battery packaging laminated structure according to claim 62, wherein the resin film capable of being welded to 
metal members is formed of a resin containing at least one of acid-modified polyolefin resins, acid-modrfied poly- 
ethylene resins, ethylene-acrylic acid copolymers, metal ion cross linked polyethylene resins, copolymers of ethyl- 
ene and acrylic acid derivatives, copolymers of ethylene and methacrylic acid derivatives, copolymers of propylene 
and acrylic acid derivatives, copolymer of propylene and methacrylic acid derivatives, and derivatives of thpse res- 
ins. 

65. The battery packaging laminated structure according to claim 62 or 63, wherein the barrier layer is an aluminum foil 
of a thickness of 1 5 urn or above. 

66. The battery packaging laminated structure according to claim 62 or 63, wherein the intermediate layer includes at 
least one layer having a thickness of 1 0 urn or above and formed of one of polyester resins, polyolefin resins, fluor- 
ocarton resins, saponified ethylene-vinyl acetate copolymers, derivatives of those resins and mixed resins of some 
of those resins. 

67. The battery packaging laminated structure according to claim 62 or 63, wherein a surface of the barrier layer on the 
side of the innermost layer is coated with a protective layer formed of a resin containing 30% or above of at least 
one of epoxy resins, phenolic resins, melamine resins, alkyd resins, polyimide resins, unsaturated polyester resins, 
polyurethane resins, unsaturated graft polymers, copolyester resins including polyethylene terephthalate copoly- 
mers and polybutylene terephthalate copolymers, metal ion crosslinked polyethylene resins, ethylene-vinyl acetate 
copolymers, copolymers of ethylene and acrylic acid, copolymers of ethylene and methacrylic acid, polyether-ure- 
thane resins and derivatives of those resins. 

68. A battery package formed from a laminated structure having at least a base layer, a barrier layer and a heat-adhe- 
sive resin layer; 

wherein the laminated structure is folded in a pair of leaves with the heat-adhesive resin layers of the pair of leaves 
facing each other, peripheral portions of the pair of leaves are joined together by heat-sealing to form heat-sealed 
parts, and the thickness of the heat-sealed parts meets an inequality: 

D 0 <(D 1+ D 2 V2 

where D-| and D 2 are the respective thicknesses of the heat-adhesive resin layers of the pair of leaves, and D 0 is 
the thickness of the heat-sealed parts. 
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69. The battery package according to claim 68, wherein an intermediate layer is sandwiched between the barrier layer 
and the heat-adhesive resin layer. 

70. The battery package according to claim 68, wherein the base layer includes at least one oriented polyethylene 
terephthalate or nylon film having a thickness of 6 jim or above. 

71 . The battery package according to claim 68, wherein the barrier layer consists of a metal foil, a barrier resin film hav- 
ing a barrier property, and a deposited inorganic oxide film. 

72. The battery package according to claim 69, wherein the intermediate layer includes at least one film having a thick- 
ness of 1 0 ujti or above, and the material is one of polyester resins, polyolefin resin, nylon resins and fluorocaibon 
resins. 

73. The battery package according to claim 68, wherein the heat-adhesive layer is formed of a material having a thick- 
ness of 20 urn or above, a melting point of 80 °C or above and a Vicat softening point of 70 °C or above, and the 
material is one of unsaturated graft polyolefin resins including unsaturated graft polyethylene resins, unsaturated 
graft polypropylene resins and unsaturated graft polymethyl pentene resins. 

74. The battery package according to claim 68, wherein the battery package is a pouch of a three-sided seal type, a 
four-sided seal type or a pillow type. 

75. The battery package according to claim 68, wherein the battery package is an embossed package of a tray type 
comprising a container having an embossed part, and a cover for covering an open end of the container. 

76. A battery package formed from a laminated structure having at least a base layer, a barrier layer and a heat-adhe- 
sive resin layer; 

wherein the laminated structure is folded in a pair of leaves with the heat-adhesive resin layers of the pair of leaves 
facing each other, peripheral end portions of the pair of leaves are joined together by heat-sealing to form heat- 
sealed end parts, the pair of leaves have unsealed portions continuous with the heat-sealed end part, and the 
unsealed portions are folded back and are bonded to corresponding portions of the laminated structure. 

77. The battery package according to claim 76, wherein cuts are formed in opposite side portions of the unsealed por- 
tions. 

78. A battery pouch manufacturing method comprising the steps of: 

forming a laminated structure having a base layer, a barrier layer and a heat-adhesive resin layer in a tubular 
structure; 

putting a flat lithium battery module provided with terminals in the tubular structure; 

bonding together overlapped side portions of the laminated structure by heat-sealing to form a sealed back 
seam; 

heat-sealing a first end portion of the tubular structure corresponding to the terminals to form a first sealed end 
part; 

heat-sealing a second end portion of the tubular structure opposite the first end portion of the same to form a 
second sealed end part; and 

cutting the laminated structure along cutting lines in the first and the second sealed end part. 

79. The battery pouch manufacturing method according to claim 78 further comprising the step of forming cuts in oppo- 
site side portions of an unsealed part of the tubular structure extending between the first sealed end part of the 
tubular structure and a second sealed end part formed in a tubular structure continuous with the unsealed part, 
folding back portions of the tubular structure forming the unsealed part and bonding the folded portions of the tubu- 
lar structure to the laminated structure forming the tubular structure. 

80. The battery package manufacturing method according to claim 78, wherein an end portion of the tubular structure 
near the terminals of the lithium battery is tack-welded immediately after the step of putting the lithium battery mod- 
ul provided with terminals in the tubular structure. 

81. A battery packaging laminated structure formed by laminating an aluminum foil and an inner layer; 
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wherein at least one surface of the aluminum foil on the side of the inner layer is an easy-to-bond surface finished 
by surface treatment, and the inner layer is bonded to the easy-to-bond surface of the aluminum foil with an adhe- 
sive film. 

5 82. The battery packaging laminated structure according to claim 81 , wherein the easy-to-bond surface is formed by 
degreasing the surface of the aluminum foil and processing the degreased surface of the aluminum foil with a 
processing liquid containing a metallic phosphate or a nonmetallic phosphate. 

83. The battery packaging laminated structure manufacturing method according to claim 81, wherein the easy-to-bond 
w surface is formed by degreasing the surface of the aluminum foil and processing the degreased surface of the alu- 
minum foil with a processing liquid prepared by mixing a metallic phosphate or a nonmetallic phosphate, and a 
water-soluble synthetic resin. 

84. The battery packaging laminated structure manufacturing method according to claim 83, wherein the water-soluble 
15 synthetic resin is an acrylic resin, a phenolic resin or a urethane resin. 

85. The battery packaging laminated structure manufacturing method according to claim 81, wherein the easy-to-bond 
surface is formed by degreasing the surface of the aluminum foil, and subjecting the degreased surface to an 
anodic oxidation process. 



20 



86. The battery packaging laminated structure manufacturing method according to claim 81, wherein the adhesive film 
contains a silane coupling agent. 

87. The battery packaging laminated structure manufacturing method according to claim 86, wherein the silane cou- 
25 pling agent is an epoxy organosilane compound having glycidyl groups. 

88. The battery packaging laminated structure manufacturing method according to claim 81 , wherein the aluminum foil 
..: has a thickness in the range of 20 to 80 ^m and is formed of soft aluminum. ■* 

30 89. The battery packaging laminated structure manufacturing method according to claim 81, wherein the inner layer is 
a film having a thickness in the range of 1 0 to 1 00 ^im and formed of one of polyolefin resins, acrylic resins, poly- 
ester resins, fluorocarbon resins, derivatives of those resins and mixtures of some of those resins. 
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